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PREAMBLE   TO   THE   SEVENTH  VOLUME. 

The  publication  of  the  Astronomical  Journal  was  discontinued  in  1861,  with  great  reluctance,  yet  with 
undoubting  hope  that  the  suspension  would  be  not  only  temporary,  but  brief.  In  August,  1S69,  the  arrange- 
ments for  its  reestablishment  had  been  fully  matured,  when  they  were  interrupted  by  circumstances  known  to 
astronomers.  The  delays,  thus  occasioned,  have  been  unexpectedly  long,  but,  after  the  lapse  of  twenty-five 
years,  all  impediments  seem  to  be  at  last  removed,  and  no  reason  is  apparent  why  the  resumption  mav  not 
now  be  regarded  as  permanent. 

The  plan  is  to  continue  the  Journal  in  the  same  spirit  as  of  old,  and  under  essentially  the  same  con- 
ditions. The  chief  of  these  are,  that  its  object  will  be  the  advancement  rather  than  the  diffusion  of  astro- 
nomical knowledge,  and  that,  while  aiming  at  the  promotion  of  harmony  and  cooperation  among  astronomers, 
laboring  for  a  common  end,  it  should  afford  opportunity  for  the  expression  of  differences  of  opinion,  founded 
upon  research.  It  will  thus  be  understood  that  the  publication  of  an  article  implies  no  indorsement  of  the 
views  which  it  may  express,  or  of  the  accuracy  of  its  statements. 

The  cordiality,  and  the  inspiring  offers  of  cooperation,  with  which  the  preliminary  announcement  of  the 
reappearance  of  the  Astronomical  Journal  has  been  received,  call  for  an  expression  of  grateful  acknowledge- 
ment ;  and  the  kindly  assurances  of  approbation  and  welcome,  which  have  come  in  abundance,  from  both 
sides  of  the  Atlantic,  afford  not  only  new  incentives,  but  grounds  for  confident  reliance  upon  the  successful 
attainment  of  its  desired  ends. 

Each  volume  will  consist,  as  before,  of  twenty-four  numbers,  with  a  table  of  contents  and  alphabetical 
index.  The  numbers  will  appear  at  irregular  intervals,  and  it  is  hoped  that  a  volume  will  be  completed  as 
often  as  once  a  year.  The  price  of  subscription  will  be  $5.00  in  advance.  The  names  of  any  agents,  who 
may  be  appointed,  will  be  announced  hereafter;  and  in  the  meanwhile  subscriptions  may  be  sent  to  the 
Editor  directly. 


Cambridge,  Mass.,  October,  1SS6. 


B.  A.  GOULD. 


OX   THE   LIGHT-VARIATIOXS   OF   SAWYER'S  VARIABLE   IX    VULPECULA. 

i>0h  45'"  19»    -4-27°  4l»'.3,    (18.35.0) 
By   S.   C.   CHANDLER,   Jr. 


I  eg  to  communicate  the  following  investigation  on  the 
star  DM.  27"  3890.  The  variability  of  this  object,  whose 
definitive  designation  will  probably  be    T  Vidpeeulae,  was 


discovered  by  Mr.  Sawyer  in  October,  1885.  From  my  ob- 
servations of  November  and  December  of  last  year  I  found  a 
period  of  4d.4368  =  4d  10h  29"".0.    This  value,  communicated 
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orally  to  Mr.  Sawyer  ami  by  him  published  elsewhere,  I  now 
find,  from  a  final  discussion  of  all  my  observations  to  the 
present  time,  to  require  no  appreciable  correction,  and  we 
may  accordingly  adopt  as  the  best  attainable  elements  : — 
1885  Nov.  2.8576.  Green.  M.T.  -f  4d.4368  E 
=  1885  Nov.  2d  20"  35m  Green.  M.T.  +  (4"  10h  29m.0)  E 
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69 
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2 

+ 
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22.6(1 

1 

+ 
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for  the  epoch  of  maximum.     The   minimum   is   earlier   by 
ld.060. 

The  observed  times  of  maxima  and  minima  are  here  given. 
The  column  O— C  is  a  comparison  with  the  preceding  ele- 
ments. 


OBSERVED  MINIMA. 

E 

Camb.  M.  T. 
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o 

-c 

2 
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+ 
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.  1 3 

6 

28.31 

3 

+ 

.09 
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7.03 
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— 

.06 

9 
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+ 

.03 
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20.24 
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+ 

.21 
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+ 
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— 
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20.26 
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— 

.20 
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Apr.  23.13 

2 

— 
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May     2.38 

2 

— 

.13 

12 

6.86 

2 

— 

.09 

45 

2'i.74 

1 

+ 

.48 

59 

July  21.04 

2 

.33 

73 

Sept.  21.10 

1 



1.09 

These  observed  times  were  derived  by  applying  to  the  time 
of  each  observation  of  the  variable  the  correction  indicated 
by  the  comparison  of  its  observed  light  with  the  mean  light- 
curve,  or  light-table,  hereafter  given.  Values  of  L  >  11.0 
were  used  for  deducing  maxima,  the  others  for  minima.  The 
weight  column  contains  the  number  of  observations  com- 
bined to  form  each  epoch. 

From  the  residuals  (O  —  C)  it  appears  that  the  probable 
error  of  the  time  of  a  phase  from  a  single  observation  of  the 
variable,  is  i  0d.135  for  maxima,  and  ±  0d.173  for  minima. 
It  may  be  inferred  that  the  probable  error  of  an  observed 
maximum  or  minimum,  determined  from  two  or  more  ob- 
servations, is  less  than  one  tenth  of  a  day. 

The  comparison-stars  and  the  light-scale  are 

Star  1S8J.0  L  Man. 


e 
/ 


{! 


27. .",911 

20  48  24 

+  27  30.0 

18.0 

25.4302 

30  54 

25  57.5 

11.2 

29.4131 

34  36 

29  17.5 

10.0 

31.4159 
31.4160 

:;i  38 
31  39 

31    4.01 
31     l.Oj 

(11.5)? 

31.4181 

35  11 

31  47.5 

I  10.11)  ? 

27.3909 

48  13 

27  58.3 

1.6 

5.27 
5.70 
6.17 


6.80 


The  star  <l,  being  double  in  the  field-glass  and  single  to 
the  naked  eye,  was  used  but  a  few  times,  and  then  rejected 
as  unfit  for  use  in  the  comparisons.  The  star  e  also,  prob- 
ably from  some  peculiarity  of  color  or  situation,  has  a  varying 
aspect  as  to  relative  brightness,  according  as  the  field  or 
opera  glass,  or  the  eye  alone,  is  used.     The  values  of  L  for 


both  these  stars  are  very  uncertain,  and  I  have  consequently 
preferred  to  reduce  the  observations  of  the  variable,  using 
only  a,  b,  c  and/'.  In  the  last  column  I  have  added  for  con- 
venience the  approximate  magnitudes  in  the  usual  (Arge- 
lander's)  scale. 

The  formation  of  the  mean  light-curve  was  effected  in  the 
usual  manner,  all  the  observations  being  brought  to  bear,  and 
using  the  period  4J  10h  29'". 0.  The  characteristics  of  the 
light-fluctuations  are  a  uniform  and  very  rapid  increase:  a 
nearly  uniform  and  very  much  slower  decrease  :  a  feeble  in- 
dication of  an  undulation  of  the  light-decrease  —  analogous 
to  that  which  obtains  in  many  other  variables — which  lias 
however,  been  ignored  in  drawing  the  light-curve.  The  du- 
ration of  increase  is  1.060  days,  and  that  of  decrease  a 
•".377  days. 

The  readings  of  the  light-curve  give  the  following 
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I. 
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-  0.25 

11.1 

5.71 

2.25 

9.8 
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0.00 

15.5 

5.51 

2.50 

9.1 

6.30 

+  0.25 

15.2 

5.58 

2.75 

S.4 

6.40 

0.50 

14.5 

5.66 

3.00 

7.7 

6.48 

0.75 

13.8 

5.71 

."..25 

7.1 

6.54 

+  1.00 

13.1 

5.. si 

3.38 

7.0 

6.55 

^.:<:>.    The  va- 
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riation  during  the  greater  part  of  the  increase  is  at  the 
rate  of  one  and  a  third  magnitudes  a  day  :  which  is  exceeded, 
I  think,  only  by  U  G  wm  and  a  few  stars  of  the  Algol 

type.  The  decrease  is  at  the  daily  rate  of  0.35  mag.,  only. 
Observations  made  during  the  star's  increase  are  therefore 
admirably  adapted  for  determining  the  period  with  great 
precision. 

Taking  the  difference  between  the  observed  light  and  that 
computed  from  the  elements  and  light-curve,  for  each  of  the 
57  observations,  we  get  the  sum  of  the  squares  of  the  residu- 
als 42.89.  Calling  6  the  number  of  the  arbitrary  constants, 
we  have  -4-  0^61  steps,  or  ±0.007  mag.,  as  the  probable 
error  of  a  single  observation.  This  includes,  besides  the  un- 
certainty of  the  observation  itself,  the  effect  of  any  departure 
from  perfect  regularity  in  the  light-variations  themselves,  and 
of  any  errors  in  the  period,  etc.  The  mean  deviation  for  the 
observations  dining  the  first  mouth  is  i  0.055,  during  the 
second  month  is  ±  0.056,  and  for  the  remainder,  ±  0.074. 


This  shows  that  the  probable  error  is  not  factitiously  reduced 
by  unconscious  bias  of  the  observer,  since  during  the  first 
weeks  after  discovery  of  variability,  the  knowledge  of  the 
law  of  variation,  which  might  exert  such  a  prejudicial  influ- 
ence, is  entirely  wanting. 

The  observations  afford  a  hint  of  a  phenomenon  which  has 
manifested  itself  in  some  other  stars,  namely,  a  greater  range 
of  discordance  near  minimum  than  near  maximum.  Thus 
the  sum  of  the  squares  of  the  residuals  for  is  observations 
within  half  a  day  of  minimum  is  20.29,  while  for  au  equal 
number  within  half  a  day  from  maximum  it  is  only  4.79. 
Whether  this  is  due  to  actual  oscillation  of  the  minimum 
brightness,  or  to  subjective  causes,  must  be  decided  here- 
after. It  may  be  due.  in  the  case  of  this  star,  to  the  hear 
equality  of  the  variable  at  maximum  with  the  comparison 
star  b,  which  permits  a  nicer  discrimination  in  the  light-per- 
ception. 

1886  September  22. 


a  m:\v  variable  of  short  period. 

1Sh  u,„  L>s.    _  i,s    ,-,i  .s  ,  L875.0) 
By   EDWIX   F.    SAWYER. 


I  beg  to  announce  that  I  have  discovered  the  star  57  (U. 
A.)  Sagittarii  to  be  a  variable  of  short  period.  The  star 
was  first  observed  some  four  years  ag  L882  September  5), 
in  connection  with  my  revision  of  a  pint  ion  of  the  Uranometria 
Argentina  :  but  no  suspicion  of  its  variability  was  entertained 
until  1886  September  22.  on  which  dale  its  faintness  struck 
my  attention.  Observations  on  Sept.  24  and  29  fully  estab- 
lished variability. 

A  preliminary  reduction  of  my  observations  so  far  obtained 
indicates  that  the  period  cannot  exceed  six  days.  The  range 
of  fluctuation  is  from  5.6  mag.  to  6.6  mag.  In  the  field 
glass  no  trace  of  color  can  be  discerned. 

The  comparison-stars  used  and  the  preliminary  light-scale 
adopted  are  given  below  : — the  positions  being  for  the  mean 
equinox  of  1875.0. 

In  the  Uranometria  Argentina  the  >tar  is  6.0  mag. 


Cambridgeport.  0<-t.  7,w;. 


Uran.  Argent.                       a 

j 

U.  A.  Mag.     Sawyer 

Light 
Scale 

h        m      s                  o       j 

GoSaqittani       1*17  54    -20  36.3 

5.1 

5.1 

17.1 

43         "              18    7  46    —  20  45.8 

5.8 

5.75 

12.6 

42         ••               18    6  45    —  21  44.7 

6.0 

6.15 

10.0 

74         •■               18  22  51    —18  48.3 

6.0 

6.2 

6.6 

45         ••               18    8  10    —  18  41.9 

6.5 

6.25 

4.6 

71         "              18  20  39    —  17  52.5 

6.6 

6.55 

3.7 

50         ■•               18    9  54    -  17  24.9 

6.4 

6.45 

2.1 

From  the  above  light-scale  the  following 

light-values  for 

the  variable  have  been  determined  : 

Light          l 
h       m 

1882.  Sept.    5  8  45       7.8 

i.sm;. 

Oct. 

h         m 

7  7     0 

Light 

8.4:* 

L886,             22  8     0       2.4 

*   7     0 

7.2:* 

24  7   15       7.0 

9  6  30 

4.8:* 

29  7  05       2.5 

16  6  15 

2.0 

30  6  45     11.8 

19  6  10 

7.5 

Oct.      1   7     0     11.6 

20  6   10 

4.9 

2  7  10       7.3 

21  6  35 

1.8 

3  6  30       5.2:* 

*  Moonlight. 

OBSERVATION   OF   THE   SOLAR   ECLIPSE   OF   AUGUST.   1880. 

By   Prof.    JOHN   N.    STOCKWELL. 


The  sun  being  hidden  from  the  observatory,  at  the  hour  of 
the  eclipse,  by  intervening  buildings,  I  observed  from  the  top 
of  my  house,  using  a  transit-theodolite. 

The  instrument  was  made  by  Wurdemann  and  magnifies 
about  14  times.     I  did  not  succeed  in  observingthe  first  con- 


tact .  but  obtained  a  very  good  observation  of  the  time  of  last 
contact,  as  follows  : 

Loral  mean  time  of  last  contact,  Aug.  28,  18h  5m  45'.5. 

Longitude  of  station.  5h  26'"  37s  YV".  from  Greenwich. 

Latitude.  +41-"  29' 47". 


THE  ASTRONOMICAL  JOURNAL. 


N°  145. 


OX  THE  INEQUALITIES  OF  THE  MOON'S  MOTION  PRODUCED  BY  THE 

OBLATENESS  OF  THE  EARTH. 


By  JOHN   N.    STOCKWELL. 

PART   I. 

General   Considerations  and  History  of  the  Problem. 


1.  According  to  the  law  of  universal  gravitation,  the  at- 
traction of  a  sphere  upon  an  external  point  varies  inversely 
as  the  square  of  the  distance  of  the  attracted  point  from  the 
center  of  the  sphere:  and  the  motion  of  a  body  revolving 
about  it  is  the  same  as  if  the  whole  mass  of  the  sphere  was 
collected  at  its  center.  In  the  case  of  an  oblate  spheroid, 
which  differs  but  little  from  a  sphere,  analysis  shows  that 
the  attraction  upon  a  point  situated  within  35°  24'  of  the 
equator  is  less  than  that  of  a  sphere  having  the  same  mass  : 
and  for  a  point  situated  beyond  that  parallel  the  attraction 
is  greater  than  for  a  sphere  having  the  same  mass. 

2.  The  moon's  orbit  is  so  situated  that  it  never  recedes  to 
a  greater  distance  than  28  35'  from  the  earth's  equator:  it 
is  consequently  always  acted  upon  by  a  less  force  thau  if  the 
earth  were  spherical.  But  since  the  attraction  is  least  at  the 
equator,  aud  increases  as  the  moon's  declination  increases,  it 
follows  that  the  attraction  of  the  earth  upon  the  moon  de- 
pends not  only  upon  its  distance  from  the  earth's  center,  but 
also  upon  its  distance  from  the  equator.  It  also  depends  upon 
the  magnitude  of  the  earth  as  will  as  its  mass.  The  analyti- 
cal expression  of  the  attraction  in  the  direction  of  the  earth's 
center  is  composed  of  two  terms,  one  of  which  is  equal  to 
the  mass  of  the  earth  divided  by  the  square  of  the  distance 
of  the  attracted  point :  and  the  other  varies  as  the  product 
of  its  mass  by  a  function  of  its  figure,  divided  by  the  fourth 
power  of  the  distance  from  the  attracted  point.  The  first  of 
these  terms  produces  the  pure  elliptic  motion,  and  the  second 
term  produces  the  perturbations.  A  body  revolving  around 
the  earth  in  a  circular  orbit,  with  the  center  of  the  earth  as 
the  center  of  force,  would  be  subjected  to  a  variable  force 
unless  the  orbit  were  situated  in  the  plane  of  the  equator  : 
in  which  case  the  motion  would  be  free  from  inequalities, 
but  less  rapid  thau  if  the  earth  were  spherical. 

3.  At  the  same  time,  the  moon's  motion  is  disturbed  by 
the  attraction  of  the  sun  :  and  in  order  to  correctly  calculate 
the  place  of  the  moon  at  any  time,  it  is  necessary  to  allow 
for  the  effects  of  both  these  disturbing  forces.  But  in  order 
to  determine  these  disturbing  forces  with  accuracy,  it  is  nec- 
essary to  know  the  correct  values  of  the  moon's  coordinates, 
which  are  the  very  quantities  we  are  seeking  to  find.  Fortu- 
nately for  our  purpose,  all  these  disturbing  forces  are  very 
small  with  respect  to  the  principal  force  which  acts  upon  the 
moon  ;  and  we  may  in  a  first  approximation  calculate  the  ef- 
fect of  each  force  separately,  as  if  the  other  had  no  existence. 
Sir  John  Herschel,  in  his  Outlines  of  Astronomy,  has  very 
beautifully  and  truthfully  translated  into  popular  language 


the  results  of  analysis  as  applied  to  problems  of  this  charac- 
ter. He  says.  Art.  (607):  "  From  the  extreme  minuteness 
of  the  intensities  of  the  disturbing,  compared  to  the  principal 
forces,  and  the  consequent  smallness  of  their  momentary  ef- 
fects, it  happens  that  we  can  estimate  each  of  these  effects 
separately,  as  if  the  others  did  not  take  place,  without  fear 
of  inducing  error  in  our  conclusions  beyond  the  limits  inci- 
dent to  a  first  approximation.  It  is  a  principle  in  mechanics, 
immediately  flowing  from  the  primary  relations  between  the 
forces,  and  the  motions  they  produce,  that  when  a  number  of 
very  minute  forces  act  at  once  on  a  system,  their  joint  effect 
is  the  sum  or  aggregate  of  their  separate  effects",  at  least 
within  such  limits,  that  the  original  relation  of  the  parts  of 
the  system  shall  not  have  been  materially  changed  by  their 
action.  Such  effects  supervening  on  the  greater  movements 
due  to  the  action  of  the  principal  forces  may  be  compared  to 
-the  small  ripplings  caused  by  a  thousand  varying  breezes  on 
the  broad  and  regular  swell  of  a  deep  and  rolling  ocean, 
which  run  on  as  if  the  surface  were  a  plain,  aud  cross  in  all 
directions  without  interfering,  each  as  if  the  other  had  no 
existence.  It  is  only  when  their  effects  become  accumulated 
in  lapse  of  time,  so  as  to  alter  the  primary  relations  or  data 
of  the  system,  that  it  becomes  necessary  to  have  especial  re- 
gard to  the  changes  correspondingly  introduced  into  the  esti- 
mation of  their  momentary  efficiency,  by  which  the  rate  of 
the  subsequent  changes  is  affected,  and  periods  or  cycles  of 
immense  length  take  their  origin." 

4.  The  history  of  our  problem  dates  from  the  middle  of 
the  last  century.*  At  that  time  the  art  of  observation  had 
been  so  far  perfected  that  the  moon's  place  in  the  heavens 
could  be  very  accurately  determined  at  any  time  :  and  a  dis- 
cussion of  such  observations  led  the  astronomer  Tobias 
Mates  to  infer  that  there  existed  in  the  moon's  motion  in 
longitude,  a  small  inequality  depending  on  the  longitude  of 
the  node,  and  having  a  period  of  nearly  nineteen  years.  The 
coefficient  of  this  inequality  Mayer  found  to  be  only  4"  :  hut 
as  no  sufficient  cause  for  such  an  inequality  was  at  that  time 
known  to  exist,  it  was  neglected  by  most  astronomers. 
About  thirty  years  after  Mayer  announced  the  existence  of 
this  inequality  of  long  period  in  the  moon's  motion.  Mason, 
by  a  discussion  of  a  much  more  extended  series  of  observa- 
tions, found  the  coefficient  of  this  inequality  to  be  7  .7. 
which  was  nearly  twice  the  value  found  by  Mater. 

LaGraxge  was  the  first  to  announce  that  the  non-spherical 

•  The  writer  is  indebted  to  Prof.  A.  Hall,  of  the  Naval  Observatory,  for  many 
points  in  the  history  of  this  interesting  problem. 
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form  of  the  earth  would  affect  the  motion  of  the  moon. 
This  was  in  the  year  1773  :  but  he  believed  that  the  effects 
due  to  this  cause  would  be  insensible  to  observation,  and  he 
made  no  attempt  to  determine  then-  theoretical  value. 

Towards  the  close  of  the  last  century  LaPlace  discovered 
that  the  inequality  depending  on  the  longitude  of  the  node  of 
the  moou's  orbit  was  produced  by  the  oblateness  of  the 
earth.  He  also  found  by  calculation  that  the  coefficient  of 
the  inequality  should  be  about  6".8,  provided  the  oblateness 
of  the  earth  was  j^S,  which  was  very  nearly  the  value  of  the 
oblateness  according  to  geodetical  determinations.  LaPlace 
also  found  from  theory  that  there  should  be  an  inequality  in 
the  moou's  latitude  arising-  from  the  same  cause,  and  which 
was  proportional  to  the  sine  of  the  moon's  true  longitude. 
This  inequality  in  the  latitude  was  found  by  theory  to  have  a 
coefficient  of  8".0,  and  its  period  was  about  27  days.  No 
astronomer  seems  to  have  had  the  least  suspicion  of  such  an 
inequality  in  the  moon's  latitude,  until  its  existence  was 
made  known  by  LaPlace  :  and  it  seems  very  strange  that  an 
inequality  in  the  longitude,  amounting  to  only  four  or  live 
seconds,  and  having  a  period  of  more  than  eighteen  ;, 
should  be  detected  by  astronomers,  while  a  much  larger  in- 
equality in  the  latitude  —  one  which  passes  through  all  its 
values  about  thirteen  time-,  every  year  —  should  wholly  elude 
their  vigilance. 

These  investigations  by  LaPlace  were  made  about  the 
close  of  the  last  century,  and  published  in  the  third  volume 
of  the  Mecaniqu*  Celeste,  which  appeared  in  1802.  lie  sub- 
sequently returned  to  the  problem  of  these  inequalities,  and 
gave  two  additional  solutions,  one  of  which  appeared  in  an 
appendix  to  the  third  volume  in  1808,  and  the  other  was 
given  in  the  sixteenth  book,  and  fifth  volume,  of  the  Me- 
canique  Celeste,  which  was  published  in  1S2.">.  In  all  these  so- 
lutions of  the  problem,  LaPlace  obtained  identically  the  same 
values  for  the  coefficients  of  the  inequalities. 

The  problem  of  the  perturbations  of  the  motions  of  the 
heavenly  bodies  has  been  solved  by  two  general  methods. 
One  of  these  methods  consists  in  finding  the  perturbations  of 
the  coordinates  of  the  disturbed  body,  directly  from  the 
forces:  then  applying  these  perturbations  to  the  elliptical 
values  of  the  coordinates,  we  obtain  the  true  values  of  the 
coordinates  at  any  assigned  instant  of  time.  The  other 
method  consists  in  finding  the  perturbations  of  the  elements 
of  the  elliptical"  motion  at  any  time,  then  applying  these  per- 
tubatious  to  the  given  elements,  we  are  able  to  calculate  the 
place  of  the  planet  in  the  same  manner  as  if  it  were  moving 
in  a  pure  elliptical  orbit.  Modifications  of  these  general  so- 
lutions give  rise  to  what  are  called  special  solutions.  Either 
of  these  general  methods  is  very  useful  in  verifying  the  cal- 
culations made  by  the  other. 

After  LaPlace  had  made  known  the  cause  of  these  in- 
equalities, other  mathematicians  investigated  the  same  sub- 
ject. Those  who  made  a  special  study  of  the  lunar  theory 
were  Burckhardt,  Dasioiseau,  Plana,  Pontecoulaxt,  and 
Hansen.     All  these  investigators  found  essentially  the  same 


values  for  the  coefficients  as  those  previously  found  by 
LaPlace. 

In  the  years  1879-80  the  writer  busied  himself  a  good  deal 
with  the  lunar  theory.  He  first  determined  the  inequalities 
by  the  method  of  the  variation  of  the  coordinates,  and  then, 
in  particular  cases,  verified  them  by  means  of  the  variation  of 
the  elements.  When  I  attempted  to  deduce  the  inequalities 
arising  from  the  oblateness  of  the  earth,  I  was  wholly  unable 
to  obtain  the  values  found  by  other  astronomers.  I  then  at- 
tempted to  verify  my  calculations  by  means  of  the  variation 
of  the  elements,  but  without  success.  I  found,  however, 
that  if  I  took  the  sum  of  the  values  given  by  the  two  solu- 
tions, I  obtained  the  values  found  by  other  astronomers.  I 
must  admit,  however,  that  I  was  unable  to  give  any  logical 
reason  why  the  two  solutions  should  differ  from  each  other, 
nor  why  the  sum  of  the  two  solutions  should  be  equal  to  the 
value  found  by  other  astronomers.  The  theory  of  these  in- 
equalities was  therefore  in  an  unsatisfactory  condition,  and  I 
had  some  misgivings  about  publishing  them  in  that  form,  but 
trusted  that  time  and  further  investigation  would  justify  my 
course.  I  resumed  the  subject  some  three  years  later,  and 
discovered  what  I  conceived  to  be  very  serious  errors  in  my 
own  solution  ,,('  the  problem,  and  also  in  the  solutions  by 
other  investigators.  It  is  the  object  of  the  present  communi- 
cation to  explain  and  rectify  these  errors. 

In  the  autumn  of  1884  a  very  remarkable  paper  by  Mr.  (i. 
W.  Hill  on  the  subject  of  these  inequalities  was  published 
by  the  Nautical  Almanac  Office.  Former  investigators  had 
confined  their  attention  to  a  few  of  the  principal  terms  arising 
from  the  figure  of  the  earth  ;  but  Mr.  Hill  with  great  perse- 
verance and  industry  has  carried  his  approximations  to  a 
very  great  extent,  and  has  computed  the  values  of  nearly 
four  hundred  inequalities  in  the  longitude  and  latitude  of  the 
moon.  Of  this  vast  number  of  inequalities  there  are  only 
four  in  the  longitude  and  five  in  the  latitude,  which  have  co- 
ellieients  exceeding  < i".  1  in  magnitude;  and  these  agree  es- 
sentially with  the  results  of  other  investigators ;  so  that  it 
seems  a  needless  outlay  of  time  ami  labor  to  extend  the  so- 
lution beyond  a  few  of  the  principal  terms. 

In  the  American  Journal  of  Science  for  February.  l.s,s"), 
I  called  attention  to  what  seemed  to  me  to  be  a  serious  defect 
in  Mr.  Hill's  investigation  :  but  Prof.  .1.  C.  Adams  of  Cam- 
bridge, England,  has  published  a  review  of  Mr.  Hill's  work, 
and  also  of  my  criticism,  in  the  ''■Obsewatoiy"  for  March, 
1880.  In  his  review,  Prof.  Adams  gives  Mr.  Hill's  investi- 
gation his  unqualified  indorsement :  so  that  it  would  seem 
that  all  the  great  astronomical  authorities  fully  agree  as  to 
the  correctness  of  the  published  solutions. 

The  most  skilful  analyst  might  therefore  well  hesitate  to 
open  a  discussion  upon  a  subject  about  which  there  is  such 
unanimity  of  opinion ;  yet  the  importance  of  the  problem 
seems  to  be  a  sufficient  justification  for  so  doing.  I  shall 
therefore  first  give  what  appears  to  me  to  be  a  correct  solu- 
tion of  the  problem,  and  shall  then  examine  the  solutions 
which  have  been  given  by  other  astronomers. 
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T  =     1886  Dec.  14.4188,  Or.  M.T. 


From  Professor  Frisby's  observations  of  October  8,  10, 
and  12.  I  have  computed  the  following  approximate  elements 
and  ephemeris  of  the  comet  discovered  by  Mr.  Barnard  on 
October  4.  Middle  place  (O  —  C). 

6X  cosp'=  -9".l 
dp=  _2".0 


w    =    87  47     1  ) 

9,  =  136  31   30  ■  Mean  Eq.  1886.0 
i   =  10:>  ."in  58  ) 
log  7   =  9.80014 


Ephemeris  for  Greenwich    midnight. 

188G 

a 

3 

log  r 

log  A 

/ 

Nov.     1 

h        ut          s 

11   .".(I  25 

o          / 

-4-   G    11.5 

0.0329 

0.1845 

1.11 

2 

11   .".I   2d 

7     0.1 

.-; 

11  58  2  1 

7  20.0 

0.0206 

0.1691 

4.7o 

4 

12    2  :;i; 

7  4(1.2 

5 

12     6  58 

8     1.0 

0.0081 

0.1533 

5.36 

6 

12   11    30 

8  22.1 

7 

12   16   13 

-       8  44.4 

9.9953 

0.1371 

0.12 

8 

12  21      8 

9     7.1 

9 

12  26  14 

II  30.3 

9.9822 

0.1206 

7.02 

1(1 

12  31  34 

9  51.2 

11 

12  37     7 

10   is.;, 

9.9690 

0.1038 

8.06 

12 

12    12  55 

10  43.4 

13 

12  48  58 

11     8.8 

9.9556 

0.0869 

9.27 

14 

12  :>;,  i: 

11   34.5 

15 

13      1   53 

+12     0.6 

9.9420 

0.0701 

10.66 

Light  at  discovery  =  1 . 
('.  .V  Naval  Observatory, 


Washington,  Oct.  '2~>. 


W.  C.  WINLOC  K. 


OBSERVATIONS   OF    U  OPHIUCHI. 

By    EDWIN   F.    SAWYER. 


188: 


Owing  to  cloudy  weather  and  sickness,  only  four  minima  of 
this  star  were  observed  during  the  year.  The  observed  times 
(first  column)  have  been  deduced  by  Argelander's  method, 
using  the  mean  light-curve  formed  from  the  1883  observa- 


tions. Besides  the  observed  times  of  minimum  so  found, 
and  given  in  the  following  table,  a  comparison  is  shown  be- 
tween the  observed  minimum  ami  the  elements  given  by 
Chandler  in  Astr.  Nachr.,  2448. 


Observed  Minimum,  Cambridge 
M.T. 

Liglll 
Equation 

Heliocentric 
<  Observed  Time 

Epoch 

Conip.   Tinio   from 
Elements  of  Chandler 

0  — c 

A       h       m 

1885     Juue  11  8  2.V5 
July    12  8  50.5 
Sept.     2  9   15.5 
Oct.      9   0  40.5 

+  7".'6 
-j-  C.I 
+  0.8 
-  3.7 

d        h        in 

June   11   S  33.1 
Julv    12  8  56.9 
Sept.    2  9   16.3 
Oct.      9  6  36.8 

1699 
1736 
1798 

18  12 

d        h        ni 

June  11  8  39.9 
Julv    12  9  24.6 
Sept.    2  '.(  21.6 
Oct.      9  7     0.1 

-  6.8 

-  27.7 

_     :,.:; 

-  23.3 

The  mean  correction  of  the  elements  indicated  by  these  ob- 
servations is  —  15'". 8,  corresponding  to  the  mean  epoch  17(19. 

It  will  be  interesting  to  collect  tin'  various  determinations 
of  the  corrections  afforded  by  all  the  observations  to  date. 
Thus  we  find  : — 


Authority 

Observer 

No.  ol 
Obs. 

Moan  Epoch 

( 'orrectiou 
to  Elements 

A.  N.  2572 

Chandler 

18 

47C,   1882  Aug.  20 

in 

-    1.7 

2484 

Sawyer 

8 

490,    1882  Sept.  1 

-    3.3 

2572 

Chandler 

11 

882,    1883  July  27 

-    3.0 

2591 

Sawyer 

11 

891,    1883  Aug.  3 

-13.9 

2660 

.. 

5 

1328,    1884  Aim-.  4 

+    1.6 

a 

1 

1709,    1885             9 

-15.8 

These  give  a  mean  correction,  giving  weights  according  to 
number  of  observations,  of  —  5"\2  for  the  mean  epoch  802. 
From  an  unpublished  discussion,  which  Mr.  Chandler  has 
made  of  all  the  observations  of  both  observers  in  1881  and 
1882,  he  has  found  that  there  is  a  pretty  certainly  marked 
constant  difference  in  the  determination  of  time  of  minimum. 
Ch.  —  S.  =  5"'. 0.  If  we  apply  this,  the  mean  correction  to  the 
elements  will  be  —  7'". 7.  These  results  would  seem  to  indi- 
cate a  correction  to  Chandler's  period,  of  a  trifle  less  than 
half  a  second  of  time.  That  is  to  say,  the  residual  — 
corresponds  to  a  correction  of  his  period  by  —  0!.89,  and  the 
residual  —  7'". 7,  to  a  correction  of  —  0S.59. 
i  port,  Mass..  188i    s        25. 
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On  October  2.  by  means  of  a  rough  computation  of  the  ele- 
ments of  the  comet  recently  discovered  by  Mr.  Finlay  at  the 
Cape  of  Good  Hope.  I  called  attention  to  their  resemblance 
to  those  of  DeVico's  comet  (1844  I).  There  are.  of  course. 
some  objections  to  the  theory  of  identity  between  the  two 
bodies,  but  it  would  beforehand  readily  be  conceded  that  if 
the  present  comet  is  found  to  move  in  an  orbit  of  compara- 
tively short  period,  and  with  elements  generally  resembling 
those  of  that  of  1844,  the  objections  can  have  little  weight. 

I  have  accordingly  embraced  the  first  practicable  opportu- 
nity to  calculate  more  exact  elements  for  the  Fixi.ay  comet. 
In  Albany,  notwithstanding  our  anxiety  to  secure  observa- 
tions, we  have  been  able  to  do  so  in  9  satisfactory  way  on 
two  occasions  only — Sept.  29  and  Oct.  22.  single  com- 
parisons were  also  obtained  on  Oct.  1  (ring-micrometer)  and 
Oct.  16.  The  small  inclination  of  the  orbit  of  Fini  ay's 
comet,  as  well  as  the  unsatisfactory  distribution  of  the  few 
observations  that  have  been  made,  determined  me  to  compute 
the  elements,  using  four  instead  of  three  dates;  especially 
because  Mr.  Egbert,  who  made  the  Albany  determinations 
of  position,  regarded  those  of  Oct.  1  and  1<1  as  of  little 
value  in  the  coordinate  of  declination.  In  the  computa- 
tion, therefore.  I  have  used  the  discovery-position  as  tele- 
graphed, the  observation  at  Nice.  Oct.  I,  combined  with 
a  ring-micrometer  comparison  by  Egbert  (this  latter  half 
weight),  a  single  filar-micrometer  comparison  by  Mr.  Egbert, 
obtained  Oct.  16,  and  an  excellent  filar-micrometer  observa- 
tion made  by  him  on  the  evening  of  Oct.  22.  By  means  of 
the  orbit  computed  by  me.  Oct.  2.  these  observations  were 
freed,  so  far  as  was  then  possible,  from  the  effects  of  parallax 
and  aberration  and  reduced  to  the  equinox  of  1886.0.  As 
used  in  the  computation,  the  observations  were  as  follows  : 


sept.  26.3261 

Oct.       1.2829 

16.5310 

22.4972 


«  1SS6.0 

o        «         fj 

255  30  00 

258  :u  '"i 

269  4.5  12 

274  .31  .34.3 


d  1SS6.0 

O  I  It 

-26  04   14 

-26  18  -3  7 

-26  30   11 

-26  31   54.0 


Employing  a  method  which  neglects  the  intermediate  lati- 
tudes. I  have  obtained  the  following  elements  : 

T=  1886  Nov.  19.8746.     G.M.T. 


-  11  20  24) 

9,  .34.31     5  ^Ecliptic  and  Equinox  of  1886.0. 

i  2     49  .3:;  \ 
log  sin  4>  9.8116.3  " 

~  log  a  0.42383 

log//  2.91426 

log  q  9.97022 

These  elements  indicate  the  remarkably  short  period  of 
4.32  years:  yet  it  should  be  understood  that  the  position  of 


the  comet  with  respect  to  the  earth  and  sun  is  such  that  the 
observations  will  lie  fairly  well  satisfied  with  a  much  longer 
period  and  somewhat  larger  eccentricity.  The  place  of  SI 
differs  about  ten  degrees  from  that  computed  by  Brunnow 
for  the  comet  of  DeVico  :  the  above  value  of  -  is  more  than 
30°  greater  than  that  of  the  1*44  comet;  while  the  inclina- 
tions agree  far  within  the  errors  of  the  present  computation. 
The  perihelion  distance  of  the  present  comet  is  about  one 
fifth  less  than  that  of  DkVico*s.  Yet  these  discrepancies  are 
exactly  what  we  should  expect  to  see.  because  the  very  fact, 
that  calculated  returns  of  the  1844  comet  have  been  looked 
fdr  in  vain,  indicates  that  the  elements  of  that  comet  have 
undergone  material  perturbations  from  some  cause  not  yet  ex- 
plained. That  cause  may  perhaps  be  found  among  the  small 
plan,  ts 

The  elements  above  given  represent  the  extreme  position 
exactly  (or  within  the  second,  in  each  coordinate).  The 
residuals  (C — O)  for  the  position  of  Oct.  1  are  J/.  +1", 
Jj  0":  for  the  position  of  Oct.  16,  di  +11".  J  J  —14". 
Roughly  approximate  comparisons  with  observations  not  used 
in  the  computation  follow  as  indicated  in  the  table  :  the  signs 
are  for  C — O. 


J« 

J0 

Sept.    2 

,i. 

Rome 

—   1" 

.. .. 
—  .  > 

Nice 

—  8 

—30 

Albany 

—  7 

—  9 

Nashville 

—20 

+    1 

Sept.     3 

0. 

Vienna 

+    1 

—  :i 

Oct. 

1. 

Vienna 

+    ' 

—  1 

Rome 

0 

—15 

Nice 

0 

—  1.5 

Albany 

—    -5 

+29 

Following  is 

an  e 

ihemeris  computed  fi 

om  the  elliptic  ele- 

snts  i 

Greenwich  12h 

« 

S  1SS6.0 

-  A 

Light 

Nov.      1 

h 

18 

In        s 

.3  7  34 

-25 

48.5 

9.9212 

2.2 

3 

19 

5 

1.3 

2.5 

34.1 

9.9146 

2.3 

5 

19 

14 

9 

2.5 

17.6 

9.9o77 

2.4 

7 

19 

22 

4.3 

24 

58.7 

'J.9O07 

2.5 

9 

19 

Ml 

:',(> 

24 

37.4 

9.8936 

2.7 

11 

19 

40 

26 

24 

13.4 

9.8863 

2.8 

13 

19 

49 

34 

23 

40.7 

9.87V 

2.9 

1.3 

19 

58 

53 

23 

17.2 

9.87H 

3.0 

17 

20 

8 

24 

22 

44.6 

:>.S639 

:;.l 

19 

20 

18 

6 

22 

8.9 

9.8564 

3.2 

21 

20 

2  7 

.3:i 

21 

29.9 

9.84V 

3.3 

23 

20 

38 

4 

20 

47.4 

9.8415 

3.4 

25 

20 

48 

19 

20 

1.4 

9.8342 

3.5 

27 

20 

58 

4.5 

19 

11.7 

9.8271 

3.6 

29 

21 

9 

21 

18 

18.5 

9.8202 

3.7 

Dec.     1 

21 

20 

6     - 

-17 

21.7 

9.8136 

3.8 

Dudley  Observatory, 

LEWIS 

BOSS. 

Alh,,,,,,,  X.  Y.,  1886  Oct.  28. 
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OBSERVATIONS   OF   COMETS 


HADE    WITH    THE    9.6    INCH    EQUATORIAL    AT    THE    L'.S.    NAVAL    OBSERVATORY 


By  Prof.   E.   FRISBY. 


(Communicated  by  the  Superintendent.) 


1886    Washington  M.T. 

* 

Number 
Comp's 

Aa                 ;S 

a 

&Z%  apparent  place 

logPA  ||              8 

log  i'A 

COMET   OF  F1XLAY. 

Sept.  30 

h        m       > 

7  26  16.5 

1 

17.1 

Ill       s 

-1    7.82 

j     i/ 
+9     2..s 

h     m     • 

17  12  19.87 

9.543 

O         /         II 

-26  1G  43.9 

0.857 

Oct.      1 

6  52  12.4 

2 

20.4 

+0  29.12 

-0    5.9 

17  14  50.71 

9.470 

-26  19     7.8 

0.872 

•>•> 

6  50  23.5 

3 

2.3..") 

+1  53.20 

+1     2.7 

is  l'.i  l'.s. 42 

9.515 

—26  31  52.2 

0.864 

23 

7  12  58.5 

4 

15.3 

+  1  14.58 

+9  37.0 

is  -lo     7.34 

9.559 

-26  29  19.7 

0.853 

COMET   OF  BARNARD. 

Oct.    7 

16  55    7.9 

5 

20.) 

+o  26.26 

-6  40.4 

10  42    9.32 

n  9.637 

+   1  22    6.3 

0.738 

8 

17    3  12.0 

6 

18.4 

+o  22.23 

-1  30.1 

10  44  16.28 

n  9.628 

-4-  1  31  16.7 

0.7   1 

10 

17    3  .37.7 

7 

15.3 

+  1  38.87 

—  6  45.9 

10  48  34.82 

n  9.623 

+  1  49  56.4 

0.735 

11 

17  12  34.4 

I 

19.4 

+3  53.48 

+2  58.9 

lo  :,o  49.43 

n  9.615 

+  1  59  41.2 

0.734 

12 

17    2  40.1 

8 

20.4 

+2    7.79 

+2  16.2 

10  53    4.23 

n  9.623 

+  29  35.4 

0.734 

* 

a 

Red.  to 
app.  place 

8 

Bed.  to 
app.  place 

Authority 

1 

h       m       6 

17  13  25.91 

s 

+  1.77 

O           1              II 

—26  25  51.4 

+4.7 

Yarnall. 

■> 

17   14   19.89 

+1.70 

-26   19     6.8 

+4.9 

Oe.  Argelander. 

3 

18  17  33.52 

+1.70 

—26  33     2.6 

+7.7 

^(2  Yarnall  +  Argelander.) 

4 

18  21  51.08 

+1.68 

-26  39     4.4 

+7.7 

£_(  Yarnall  +  Argelander.) 

5 

10  41  42.22 

+0.84 

+  1   28  53.3 

-6.6 

J(W.  Bessel  +  Lamont. ) 

6 

10  43  53.21 

+0.85 

+  1   32  53.5 

-6.7 

•• 

7 

10  46  55.10 

+0.85 

+  1  56    19.1 

-6t8 

•■ 

8 

10  50  55.57 

+0.87 

+  27  26.1 

-6.9 

•• 
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LIST   OF   NEBULAS   OBSEKYED  AT   THE   LEANDER  McCOKMICK 
OBSERVATORY,  AND   SUPPOSED   TO   BE   NEW. 


• 

No. 

So. 

R.A.  1890.0 

Decl.lS90.0 

Mag. 

Size 

Form 

('omU  nsulion 

ol 

Obs. 

Obsv'r 

Notes 

1 

h        m 

0  10 

o       ' 

—22     3 

11.0 

Ps 

iR,  IE   120° 

gbM 

S 

2 

0  10 

14     7 

14.0 

ii'.  7 

R 

L 

3 

0  19 

14  35 

15.5 

0.2 

R 

L 

4 

0  20 

5  46 

pF 

vS 

R 

Hi  M 

L 

5 

0  l'.". 

13  58 

1  L5 

0.4 

R 

L 

6 

ii  28 

11    22 

L3.0 

S 

R 

bsp 

M 

*12  P90°  A3'.2 

7 

0  32 

14  47 

F 

S 

mEO" 

liM 

S 

Faint  wing  sp 

8 

0  33 

15  16 

F 

s 

mE  150° 

bM 

S 

9 

0  34 

14  51 

eF 

eS 

E  60° 

gbsbMN 

s 

10 

0  35 

—19  14 

12.0 

\S 

R 

glsmbMN 

L 

11 

0  35 

—14  24 

15.5 

0.8 

pE  0° 

lbMN 

L 

G.C.  107? 

12 

0  39 

4  23 

pF 

PS 

E  20° 

l.MN 

L 

*8,  f  20s 

13 

(I  43 

13  44 

16.0 

0.2 

IE  30° 

L 

14 

ii  -17 

13  46 

16.0 

0.5 

R 

L 

1st  of  4 

15 

'•    17 

13  46 

16.0 

0.5 

R 

L 

2nd  of  4 

16 

0  47 

13  46 

16.0 

0.5 

R 

L 

3d  of  4 

17 

0  47 

13  44 

16.0 

0.5 

R 

L 

4th  of  4 

18 

0  50 

11    16 

1  .">  .  5 

s 

iR 

gbM 

M 

*8,  p  30s 

19 

0  50 

11   15 

16.0 

vS 

M 

Neb?  f  (18),  P  75°  A  1 

.0 

20 

0  50 

—17  16 

16.0 

vS 

L 

F*,  p  40s 

21 

0  54 

—18  52 

14.0 

pS 

pE 

bnpN 

L 

22 

0  54 

111     1 

1  l.(i 

vS 

R 

sbMN 

L 

23 

0  59 

17     9 

16.0 

eS 

R 

L 

24 

1     0 

18  24 

vF 

nS 

R 

gbM 

L 

25 

1      1 

20  38* 

14.0 

\S 

vE 

sbMN 

L 

26 

1     5 

20  36 

13.0 

eS 

R 

sbHN 

L 

Neb? 

27 

1   16 

16  57 

15.0 

vS 

R 

L 

28 

1  20 

18  46 

13.2 

vS 

R 

L 

29 

1  20 

20  32 

13.0 

vS 

R 

sbMN 

L 

30 

1  22 

—18  46 

14.0 

pS 

1E0° 

bMN 

L 

sev  F  st  f  in  Hue  n  and 

s 

31 

1  23± 

-10  51 

15.0 

vS 

R 

L 

32 

1   27 

17     7 

12.5 

PS 

E  225° 

glbM 

L 

33 

1  33 

20  30 

eF 

vS 

R 

L 

34 

1  35 

18  25 

vF 

vS 

vlE 

sbMN 

L 

35 

1  36 

13  36 

15.5 

0.1 

gbMN 

S 

36 

1   44 

27  58 

14.0 

1.3 

R 

gbM 

S 

37 

1  44 

17  17 

14.0 

vS 

R 

lbMN 

L 

38 

1  47 

13  22 

16.0 

0.4 

gbMN 

S 

39 

1  49 

17     5 

vF 

vS 

R 

L 

40 

1  49 

—  11   21 

14.5 

PL 

iR 

M 

*9,  P90°A3'.6 

10 
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s 

No. 

K.  A. 1S90 

1S90 

Mag. 

- 

Form 

Condensation 

Obs. 

Notes 

41 

h        in 

1      .Ml 

—17  .",1 

14.0 

vS 

w 

bMN 

2      L 

*n,  p  11s 

42 

1   .">1 

17  it; 

12. tl 

vS 

B 

bMN 

2 

L 

env  14.0 

43 

1    .".1 

:i  27 

11.7 

0.4 

gbMN 

1 

s 

44 

1   52 

:<  .".l 

13.0 

1.6X0.4 

E  65° 

MN 

1 

s 

45 

1   52 

16  :'.! 

lll.o 

0.2 

ii; 

gbM 

l       S 

46 

1   54 

:t  26 

14.0 

0.2 

1! 

gbMN 

1       s 

47 

2     1 

16   17 

1  1.8 

o.:i 

R 

gbM 

l 

s 

48 

2     1 

16  21 

15.8 

0.1 

R 

gbM 

l 

S 

49 

2     6 

in   51 

17.7, 

eS 

E  325c 

gbM 

l 

- 

*10.  n  l'.o 

50 

2   11 

— l.s  19 

vF 

ps 

vK  0° 

gvlbM 

3 

L 

sev  vF  st  inv  ;  n  end  b? 

51 

2    17 

—  17   12 

1.",..", 

vS 

R? 

2 

L 

52 

2   20 

16     I'M 

17.0 

0.4 

i: 

gbM 

S 

53 

2   T-\ 

11    19 

13.0 

R 

M 

'   Ueb%  ? 

,".4 

2   23 

11    18 

13.5 

R 

M 

55 

2  23 

17)      1 

15.0 

o.l 

vE  0° 

sbN  like  a  % 

L 

56 

2  23 

10  59 

15.0 

0.7 

R 

gbM 

S 

57 

2   24 

11  :;i 

15.0 

o.l 

gbM 

v 

58 

2   27 

lit     8 

14.7 

S 

gbM 

S 

59 

2  28 

11    27 

15.0 

o.l 

gbM 

s 

60 

2  30 

—17     0 

13.0 

vS 

R 

bMN 

L 

61 

2  34 

—11   30 

17).  0 

o.l 

- 

neb?  in  same  field  with  G.C.  5362  and  5363 

62 

2  :',4 

16   17 

13.5 

vS 

IE  0°? 

lbM 

L 

2  B  st,  p  20' 

63 

2  38 

16  46 

17..7, 

vS 

R 

L 

64 

2  38 

16  41 

14.0 

vS 

bMN 

L 

65 

2    11 

18     1 

13.0 

vS 

R 

sbMN 

L 

66 

2  41 

l.s     1 

13.5 

vS 

R 

sbMN 

L 

67 

2    12 

18     9 

12.0 

vS 

R 

glsbMN 

L 

\>x  of  •", 

68 

2   42 

18   11 

13.0 

pS 

IE  0° 

slbMN 

L 

2nd  of  3 

69 

1    12 

18  10 

12.7, 

vS 

IE  30° 

sbMN 

L 

3d  of  3 

7" 

2    12 

—16  35 

L 

same  as  (64  i  ? 

71 

2    13 

-16  10 

14.7 

vS 

R 

L 

72 

2  45 

18  29 

12.0 

eS 

R 

L 

*? 

73 

2  43 

14  7,:, 

14.o 

0.7 

R 

gbsbMN 

L 

env  14.7, 

74 

2    111 

26   10 

16.o 

eeS 

Hi 

gbM 

S 

.  lit"  l'.O 

7.3 

2  49 

14  58 

14. tt 

0..", 

R 

gbMN 

L 

env  15.0 

76 

2  52 

17,   2!) 

14.0 

0.4 

R 

sbMN 

L 

env  15.0 

77 

2  52 

15  27 

16.0 

0.4 

R 

L 

neb?  in  same  field  with  (76) 

78 

2  53 

15  :;i 

15.0 

0.7 

E0° 

sbMN 

L 

env  16.0 

79 

2  53 

14  4'.t 

15.0 

o.l 

R 

sbMN 

L 

env  15.5 

80 

2   ".4 

—17  •■',: 

vF 

pS 

vE  7.3° 

bnp 

L 

spindle  shaped 

81 

2  .">7 

—1!)   2n 

15.5 

,,s 

gbM 

S 

.12  f  l'.O 

82 

2  57 

15  27 

17.0 

vS 

R 

bMN 

L 

env  16.0 

83 

2  57 

15  29 

15.0 

\> 

R 

bMN 

L 

euv  16.0 

84 

2  57 

10     6 

15.5 

o. 7X0.3 

E  120° 

S 

*10,  P  240°  A  2'.5 

85 

3     0 

14  48 

14.0 

0.3 

R 

bMN 

L 

neb?  env  14.5 

86 

3     0 

12  46 

15.5 

E45° 

L 

B*  and  sev  F  st  inv  in  neb,  r 

87 

3     0  . 

10     7 

14.0 

0.7X0.3 

E  25° 

S 

•9.5,  P  240°  A  3.'0 

88 

3     1 

26  10 

17,. 0 

\S 

iR.  E  :!40°? 

gbMN 

S 

89 

3     1 

15  56 

17.0 

vS 

R 

L 

90 

3     1 

—16     2 

17.7 

vS 

R 

L 

1st  of  5 

91 

3     1 

—16      7) 

1 7 . 7, 

vS 

R 

L 

2nd  of  5 

92 

3     1 

16     7 

1  7, . ;, 

vS 

R 

L 

3d  of  5 

93 

3     1 

16     6 

15.5 

vS 

R 

L 

4th  of  7).  3th  is  G.C.  648 

94 

3     2 

:i  58 

14.0 

0.7X0.2 

E  60° 

S 

'  same  dwl.  stell  N  in  cen  of 
vF  n,  b  :   lsl  of  :: ;  •»,  P  15»  &  y.0. 

95 

3     2 

10     3 

15.5 

0.4 

dif 

s 

2nd  of  :; 

96 

3     2 

10     2 

11.7 

o.2 

stell 

s 

3d  of  3 

97 

3     5± 

—  16     0 

'  16.0 

pL 

E  like  fan 

L 

neb? 

N0'  146. 
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No. 

R.  A.  1890. 

Decl.  1890 

Mil;:. 

Size 

Form 

Condensation 

No. 

of 
Ohs. 

Obsv'r 

Notes 

98 

h       m 

3     8 

o       1 
—  26    10 

15.5 

4.1X2.0 

E315° 

vgbsbMN 

s 

99 

3  10 

16    18 

15.il 

pS 

iR 

sl.MX 

L 

env  15.5 

100 

3  10 

—15  31 

14.0 

0.7 

IE  0° 

sbM 

L 

env  16.0 

101 

3  13 

—14  23 

15.8 

0.1 

S 

near  (102) 

L02 

3   14 

14   24 

15.11 

0.2 

gbMN 

s 

*10,  P75°A3\0 

103 

3  15 

18  57 

13.0 

iF,  vmE  135° 

s 

104 

3  16 

25  56 

14.8 

vS 

gbM 

s 

no  N,  *  10.5,  f  4'.0 

10.3 

3  20 

26     4 

16.3 

\S 

s 

neb? 

106 

3  30 

25   18 

13.0 

s 

*9,  nf  o'.O 

107 

3  30 

16     4 

l  l.ii 

vS 

R 

not 

L 

108 

3  31 

16  16 

l  in 

iS 

R 

glbM 

1, 

109 

3  33 

16   17 

1  1.5 

vS 

R 

lbM 

L 

110 

3  35 

— 15  53 

L6.0 

pL 

vK  150° 

glbM 

L 

sev  vF  st  inv 

111 

3  36 

— 15  57 

15.ii 

\S 

R 

lbM 

L 

112 

3  40 

23  21 

15.li 

vmE  60° 

X 

s 

*10,  f  l'.O 

113 

3  40 

9  33 

16.0 

0.8 

stell  N 

s 

|d,  P310°A  0'.4 

114 

3  40 

16.0 

0.8 

stell  X 

s 

115 

3  42 

25  52 

15.il 

pS 

gbM 

s 

116 

3  48 

15  44 

1  1.5 

\S 

pE  45D 

L 

117 

3  48 

8  54 

1  l.n 

0.1 

stell  X 

8 

1st  of  3 

118 

3  49 

8  54 

15.0 

0.2 

s 

2nd  of  3 

119 

3  49 

8  52 

15.0 

0.2 

s 

3d  of  3 

120 

3  57 

—  9  38 

16.0 

0.2 

R 

gl.M 

s 

121 

3  57 

—  9  37 

15.:; 

0..", 

R 

gbM 

s 

122 

3  59 

11  28 

l  l.o 

0.1 

R 

gbM 

s 

123 

124 

4     5 
4     5 

9     5 

9     5 

16.0 
16.0 

0.7 
0.7 

R 
R 

gbMN 
gbMN 

s 
s 

Id,  P340°A0'.5 

125 

1    10 

13   31 

16.0 

0.1 

R 

gbM 

s 

126 

4  13 

18     9 

pF 

pS 

iR 

L 

rl '  or  neb  with  sev  vF  st  and  one  *  11.3  n  of  cen 

inv 

127 

1    18 

16     7 

14.0 

vS 

IE  170° 

glbM 

L 

►8,  p  6s 

128 

4   18 

16     2 

14.5 

eS 

R 

glbM 

L 

129 

4    18 

1 6     1 1 

1 5 . 5 

vS 

R 

lbM 

L 

}» 

130 

4   18 

—16     0 

15.0 

vS 

R 

lbM 

L 

l.'.l 

1    18 

—16     2 

16.0 

pS 

IE 

L 

13-2 

4  24 

17  52 

12.5 

vS 

R 

sbMN 

L 

env  13.0 

133 

4   24 

17  47 

12.5 

eS 

R 

sbMN 

L 

euv  14.0 

134 

4  26 

11   31 

15.5 

0.2 

R 

gbM 

S 

135 

4  31 

13  46 

15.8 

0.2 

R 

gbM 

s 

136 

4  36 

l'ii  38 

1  1.0 

0.4 

E40° 

gbMN 

s 

137 

4  40 

16     6 

13.0 

pS 

E0° 

glsmbMN 

L 

euv  14.0 

138 

4  47 

15  32 

1  5 . 5 

vS 

vE  30° 

L 

139 

4  49 

20  44 

15.0 

0.2 

R 

s 

140 

4  53 

—15  2.s 

13.0 

vS 

R 

glsbMN 

2 

L 

euv  13.5 

141 
142 

1   ;,:, 
4  55 

—16     0 
16     0 

12.0 
12.0 

vS 

sbMN 

2 
2 

L 
L 

|d,  P110°  A  10" 

143 

4  56 

18  19 

14.0 

0.4 

E  45° 

1 

S 

144 

4  56 

18  19 

15.ii 

0.2 

E?  90° 

1 

s 

in  same  field  with  (143) 

145 

5     ii 

19  36 

15.0 

0.1 

gbM 

1 

S 

146 

5     2 

18  19 

11.5 

0.1 

gbM 

1 

s 

147 

5     6 

15  15 

14.0 

vS 

IE  140° 

1 

L 

148 

5  20 

16     4 

15.0 

pS 

pE  0° 

-lbM 

1 

L 

149 

5  28 

14   12 

15.0 

pS 

R 

1..MX 

1 

L 

env  15.5 

150 

6  14 

—18  29 

14.0 

pS 

E45° 

glsbMN 

1 

L 

151 

6   14 

—18  29 

15.5 

vS 

R 

1 

L 

in  same  field  with  (150) 

152 

8  43 

13  53 

16.0 

0.4 

1 

S 

neb  ? 

153 

8  49 

-  4  34 

15.S 

0.2 

stell 

1 

S 

12 
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No. 

R.A.  1SI0 

DciM.  1890 

Mug. 

Size 

Form 

Condensation 

No. 

of 

Obs. 

Obsv'r 

Notes 

154 

h      m 

9   22 

o       ' 

—14     3 

15.0 

0.3 

R 

bMN 

L 

euv  15.5 

155 

9  26± 

+31  86± 

S 

found  while  looking  for  Winneckc's  comet 

156 

9  33 

-11   56 

15.0 

1.1 

iR 

gbM 

L 

157 

9  37 

16     9 

eeF 

s 

R 

gbM 

S 

1 58 

9  43 

5  59 

eF 

vS 

R 

L 

l.V.I 

9  50 

11  57 

1  5 .  •"> 

1.2 

I)  or  bi  N 

L 

tri  N  ? 

160 

9  ;,1 

—25   11 

14.5 

2.7X0.* 

E  120° 

S 

16.5  vgb  16.0  vsbMN 

161 

9  51 

-   5  51 

16.0 

vS 

E  45° 

L 

162 

9  54 

5  54 

. 

L 

same  as  (161)  ? 

163 

9  59 

20  15 

15.0 

0.1 

R 

S 

neb? 

164 

10     2 

15  36 

16.0 

1.6X0.7 

vE  45° 

L 

165 

10     2 

15  36 

16.0 

1.3X0.7 

vE  170° 

lbN 

L 

166 

10     4 

16     6 

15.5 

(i.:, 

R 

sbMN 

L 

167 

10     4 

16     6 

16.0 

0.:) 

R 

L 

168 

10     6 

20  20 

15.0 

0.4 

R 

gbM 

S 

169 

10     9 

20     5 

15.5 

0.4 

R 

gbM 

s 

170 

10  10 

—18  29 

16.0 

0.8 

iR 

s 

neb? 

171 

10  14 

-25  16 

15.8 

1.6 

ill 

gbM 

s 

172 

10   is 

21   42 

16.0 

1.6 

spiral  ? 

stell  N 

s 

X  O'.l,  env  16.0 

173 

10  30 

12     5- 

15.0 

1.6 

L 

D  neb  or  sev  st  inv  in  neb 

174 

10  30 

12     9 

15.0 

0.7 

R 

gpmbM 

L 

17:> 

10  30 

12     7 

15.5 

0.5 

iR 

gbMN 

L 

176 

10  32 

24  45 

15.5 

0.1 

R 

gbM 

s 

*15,  li  3".0 

177 

10  41 

24  40 

16.0 

0.2 

R 

s 

178 

10  50 

20  30 

15.0 

1.3X0.4 

E  125° 

s 

17'J 

10  52 

19     3 

15.5 

0.4 

R 

gbM 

s 

180 

11)  53 

-14  22 

15.5 

0.6 

E90° 

gbMN 

s 

181 

10  57 

—14  22 

16.0 

1.2 

iR 

glbM 

L 

18-2 

10  59 

5  58 

15.0 

0.1 

IE  110° 

s 

in  same  field  with  neb  disc  by  Stephan 

1 83 

11      1 

18  52 

12.0 

0.8 

gbMN 

s 

184 

11     4 

17    11 

14.0 

2.5X0.4 

E  95° 

gbsbgbM 

s 

<;.('.  2330? 

185 

1 1     5± 

19  27 

vF 

vS 

R 

gbM  N 

s 

1st  of  2 

186 

11     5± 

19   27 

eeF 

eS 

R 

gbM 

s 

2nd  of  2 

187 

11   24 

8     1 

15.0 

0.2 

gbMN 

s 

188 

11    25 

2  37 

1  1.5 

o.:; 

R 

gbM 

s 

189 

11   25 

2  39 

16.0 

0.1 

s 

190 

11   33 

—  2  48 

15.0 

0.2 

gbM 

s 

191 

11   33 

-11   57 

15.0 

0.8 

iR 

glbM 

L 

S  »  or  nel  i  f 

192 

11   44 

9     7 

15.5 

1.8 

iR 

gbM 

s 

193 

12     8 

11   58 

15.8 

0.8 

s 

194 

12  54 

13  32 

16.0 

0.3 

1? 

L 

195 

12  54 

13  27 

15.5 

0.3 

vE  45° 

sbMN 

L 

196 

13     8 

18  58 

14.0 

1.6X0.2 

E  30° 

gbM 

s 

8'  f  G.C.  3448  P  110° 

197 

13   13 

9  38 

15.0 

0.2 

s 

19.S 

13  19 

9  37 

14.0 

0.2 

gbM 

S 

199 

13  53 

13  37 

12.0 

S 

R 

vgbM 

M 

200 

13  57 

—  14     4 

F 

pS 

vE 

gbp 

L 

a  little  curved,  shades  off  gradually  like  a  comet's 
tail;  no  N  Been 

201 

14     8 

-17  27 

14.0 

0.4 

B 

gbM 

S 

*13  in  field 

202 

14  14 

18  37 

14.0 

0.7 

iR 

gbMN 

S 

203 

14  27 

16     6 

16.0 

0.2 

R 

glbM 

L 

204 

14  27 

14     6 

pF 

S 

E 

gbM 

L 

205 

14  36 

17  58 

12.8 

0.3 

R 

gbM 

S 

*10.5,  np  2'.7 

206 

14  38 

20  25 

vF 

s 

IE 

glbM 

L 

207 

14  39 

11   28 

14.0 

vS 

R 

sbMN 

L 

208 

14  39 

11  22 

12.0 

pS 

pmE 

gbMN 

L 

env  15.0 

209 

14  39 

20  25 

F 

s 

vE 

smbM  N 

L 

210 

14  39 

—18     1 

15.5 

II. 2 

S 

neb? 
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No. 

No. 

R.A.  1890 

Decl.  1890 

Mag. 

Size 

Form 

Condensation 

of 
Obs. 

Obsv'r 

V 

211 

h       m 

14  43 

o       ' 

—  19   49 

14.5 

0.3 

R 

glbM  X 

L 

212 

14  46 

20  55 

eF 

1.0 

R 

gbM 

S 

213 

14  53 

16   14 

15.4 

0.8X0.3 

IE  135° 

bMN 

L 

214 

14  53 

16  10 

12.8 

0.8 

gbsmbMN 

L 

N  ahnost  stell 

215 

14  54 

13  25 

vF 

vS 

sbM 

L 

1st  of  3 

216 

14  54 

13  26 

vF' 

\S 

sbM 

L 

9  n  rl    *  >f    '^    brightest  and  most  nebulous  of 
*-uu.  ui     O        the  time 

lM7 

14  54 

13  24 

vF 

\S 

sbM 

L 

3d  of  3 

218 

14  55 

17  25 

eF 

>S 

IE  230° 

S 

bet  2  vFst 

219 

14  56 

16  23 

15.0 

0.8 

E  10° 

L 

F**.'  inv  in  neb 
%  on  p  side  of  neb 

220 

14  56 

—15  42 

11.0 

0.8 

gbMN 

S 

stell 

221 

14  56 

—15  46 

14.0 

0.8 

s 

sev  F  st  in  field 

222 

15     1 

14     8 

L 

inv  in  vF  neb 
•fct,  pl'.O;  •S.OflO'.O  lo'.Os 

223 

15     4 

18     0 

S 

R 

gbMN 

S 

*12  in  eF  neb 

224 

1 5     8 

14     8 

15.2 

(1.2 

R 

lbsbMN 

L 

in  field  with  Harv.  331 

225 

15  10 

17     9 

vF 

vS 

E  235° 

s 

226 

15  10 

11     7 

13.0 

PS 

IE 

gbM 

L 

•11,  f 

227 

15    ID 

14  35 

16.0 

2.5 

gbM 

S 

228 

15  31 

16  13 

14.5 

ps 

vlE? 

glsbMN 

s 

229 

15  36 

12  52 

eF 

vS 

sbMN 

L   ' 

in  a  group  of  st 

230 

18     2 

-29  34 

vF 

vS 

R 

L 

IT 

231 

20  26 

-25  51 

13.2 

pS 

R 

sbMN 

L 

*.  a  l'.O,  neb  *  in  field' ;  env  14.0 

232 

20  28 

11  46 

15.0 

0.6X0.2 

E  120° 

gbM 

L 

divided  into  2  parts? 

233 

20  30 

25  40 

13.8 

vS 

R 

slbMN 

L 

env  14.0 

23 1 

20  50 

11  30 

16.0 

0.2 

iE 

L 

235 

20  50 

19     0 

14.0 

vS 

R 

glbMN 

L 

236 

20  53 

26     7 

14.0 

vS 

R 

sbMN 

L 

env  15.0 

237 

21     1 

25  56 

14.(1 

eS 

R 

bMN 

L 

1st  of  3 

238 

21     1 

25  56 

15.0 

vS 

R 

bMN 

L 

2nd  of  3 

239 

21      1 

25  54 

vF 

vS 

vlE 

glbM 

L 

3d  and  b  of  3 

240 

21     1± 

—  24  51 

15.(1 

vS 

sbMN 

L 

241 

21     4 

—20  5  7 

14.0 

vrS 

iR 

BbnMN 

L 

242 

21   35± 

10  50 

11.0 

vS 

E310°? 

smbM  N 

L 

•n,  P  310° 

243 

21  38 

25  52 

vF 

,,s 

vE  90° 

L 

like  comet  with  tail ;  2  st  inv 

244 

21  50 

25  54 

14.0 

vS 

R 

sbMN 

L 

B%,  P  8s ;  env  16.0 

245 

21  55 

5  59 

13.0 

pS 

iR 

bMN 

L 

%P  36s 

246 

21  57 

33  19 

pF 

Ps 

R 

lbM 

L 

247 

21  57 

20  52 

eF 

pS 

E 

lli.M 

L 

248 

22  12 

24   17 

pF 

vS 

R 

gvlbM 

L 

B%  p  13s,  F%,  f  5- 

249 

22  16 

16     7 

16.0 

2.5X0.5 

vE  30° 

sbMN 

L 

250 

22  19 

-13  46 

eF 

pS 

R 

glbM 

L 

251 

22  24 

—25  59 

vF 

vS 

R 

L 

252 

22  26 

18     9 

vF 

PS 

IE  0° 

lbM 

L 

253 

22  28 

13  33 

pB 

vS 

R 

L 

no  *  in  field 

254 

22  29± 

23     5 

15.0 

pS 

R 

bMN 

L 

255 

22  33± 

23  16 

pF 

ps 

E 

lbM 

L 

256 

22  38 

24  17 

pF 

vS 

pmE 

bMN 

L 

257 

22  39 

20  32 

14.5 

eS 

R 

gbMN 

L 

•11,  nf  4'.0;  neb* 

258 

22  43 

20  20 

eF 

vS 

R 

gbM 

L 

259 

22  51 

11  32 

15.5 

IE  ?  90° 

M 

.10,  P  260°  A  4'.0 

260 

22  54 

—  7  38? 

14.0 

0.8 

iR 

S 

•10,  p 

261 

23     0 

—  20  32 

14.0 

vS 

R 

gbM 

s 

262 

23  13± 

7  31 

13.5 

PS 

IE  180° 

lbMN 

L 

263 

23  20 

19  41 

vF 

vS 

R 

bMN 

L 

264 

23  33 

23  36 

eF 

vS 

R 

L 

265 

23  37 

20     4 

15.0 

eS 

gbM 

S 

bet  2  st  12 

266 

23  42 

17  14 

16.0 

vS 

L 

267 

23  43 

-17  10 

14.0 

vS 

R 

L 

14 
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268 
269 
270 

271 
•-'72 
273 


h        in 

23  I  I 
23  45 

23  47 

23  56 
23  56 
23  59 


14 

17 

-14 

-19 

11 
■17 


0 
13 

0± 

23 

21 

6 


Mag. 


13.0 
15.0 

15.0 

16.0 
15.0 
14.0 


vS 
vS 
vS 

Ps 

vS 
pS 


R 
R 

IE  315° 

iFE90°? 

R 
iF  E  125° 


Condensation 


gbM 
gbM 


stell  N 
glbM 


No. 
of 
Olis. 

Ob6V'r 

1 

s 

1 

L 

1 

S 

1 

s 

1 

M 

2 

S 

*  10,  p  8'.0 
F  *  f 
uear  (268) 


*  8.5,  P  240°  A  3'.6 


S  =  Ormond  Stone  ;  L  =  F.  P.  Leavenworth  ;  M  =  Frank 
Muller;  env  =  envelope;  P  =  position  angle;  A  =  dis- 
tance :  other  abbreviations  as  in  Herschel's  <jrn<-r<<l  catalogue. 

In  the  earlier  observations  Herschel's  abbreviations  were 
used  to  designate  brightness  and  size.  Afterwards  nu- 
merical magnitudes  were  employed  to  indicate  brightness,  as- 
suming that  the  faintest  nebula  visible  in  the  66n"  refractor, 
with  power  167,  is  16.3,  that  being  the  theoretical  limit  for 

University  of  Virginia,  1886  October  12, 


stars.  The  magnitudes  given  refer  to  the  nucleus,  or.  in 
case  there  is  no  nucleus,  to  the  brightest  part.  Still  later  the 
custom  was  instituted  of  estimating  the  diameters  of  the  neb- 
ulas observed  in  fractions  of  the  diameter  of  the  field,  and 
from  these  deducing  their  dimensions  in  minutes  of  are. 

Sketches  have  been  made  of  the  larger  portion  of  the  neb- 
ulas contained  in  this  list. 

ORMOND  STONE. 


LATITUDE   OF   THE   SAYKE   OBSERVATORY 

By  Prof.  C.  L.  DOOLITTLE. 


During  the  years  1876-77  I  made  a  somewhat  extended 
series  of  observations  with  the  Zenith-Telescope  for  deter- 
mining the  latitude  of  our  observatory.  A  few  observations 
were  also  made  in  the  spring  of  1878  ;  the  mean  date  of  the 
series  being  1877.17. 

Sixty  pairs  of  stars  were  employed  ;  the  number  of  obser- 
vations was  459,  an  average  of  7.65  per  pair. 

Sixty-two  of  the  stars  were  taken  from  Boss's  Catalogue  of 
500  stars,  the  remaining  58  were  reduced  by  myself,  nearly 
all  the  data  to  be  found  in  the  library  of  the  U.  S.  Naval 
Observatory  being  employed,  liuss's  systematic  corrections 
were  applied  in  order  to  make  the  entire  series  of  declinations 
homogeneous.  The  results  of  this  work  were  published  in 
the  Aslronomische  Nachrichten,  No.  2260. 

In  September.  1885,  I  began  a  series  of  observations  for 
redetermining  the  latitude,  and  the  observations  were  finished 
August,  1886.  The  mean  date  was  1886.12.  The  stars  em- 
ployed were  the  same  as  in  the  previous  determination,  with 
the  exception  of  three  pairs,  which  for  different  reasons  were 
not  available.  This  series  comprised  288  observations  of  57 
pairs,  an  average  of  5.1  per  pair. 

The  observations  were  all  made  by  myself,  the  same  in- 
strument being  used  throughout.  The  level-tube  was  twice 
refilled  during  the  interval  between  the  two  series  ;  otherwise 
nothing  was  done  by  way  of  change  or  repair.  As  the  in- 
strument was  used  more  or  less  every  year  by  the  students  of 
the  University,  there  must  have  been  some  wear  of  the  parts. 


The  precision  of  the  observations  comprising  the  latter  series 
was  however  a  little  greater  than  of  the  former,  therefore  no 
great  deterioration  could  have  taken  place. 

Taking  the  results  of  the  earlier  series,  and  using  only 
those  stars  which  were  employed  in  the  latter.  57  equations 
were  written,  of  the  form 

d<p  —  h  (&  —  M')    IB  =  c  —  c' 
each  pair  of  stars  giving  one  equation. 

/t<f  is  the  correction  to  the  assumed  latitude  p'. 

AR,    the  correction  to  the  assumed  value  of  the  microme- 
ter-screw. 
The  results  were  as  follows  : 

«.-,'  =  40°  36  23.887 
J?!  =  +.018  ±  .037 

?1  =  40  36  23.905  ±  .037. 
In  the  same  manner  the  second  series  gave  the  following  re- 
sults:  0     |       „ 

c.J—  40  36  23.530 

J<f,=  —.01 8  ±.051 

p2=  40  36  23.512  ±  .051. 
Therefore  ?1  —  c,  =  0".393  ±  0.063. 

If  we  regard  only  those  parts  of  the  probable  errors  of  c'j 
and  if2  which  are  independent  of  the  declinations  of  the  stars 
employed,  we  find  for  the  probable  error  of  the  difference, 
viz  :     (c?!  —  f,),    r  =  .045. 

The  following  tabular  statement  exhibits  the  values  of  the 
latitude,  as  given  by   each  pair  of  stars   employed.     If  we 
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take  the  arithmetical  mean  of  the  quantities  in  the  column 
headed  (<r,  —  c.%),  giving  all  equal  weights,  we  have 


(?,  —  Co)  =  0".374  ±"  0".044. 

Tiiis  result  is  practically  identical  with  the  preceding. 


C', 

?■' 

ifx 

C"o 

<-'i 

c, 

<fi 

c> 

c'[ — cr., 

fi—f-> 

1877 

1886 

1S77 

18SG 

1877 

1886 

1877 

1886 

40*  36' 

40°  36 

4n    :;>; 

40s  36' 

40:     36 

40°  36' 

40=   36 

40°  36 P 

" 

" 

u 

ff 

It 

it 

II 

ii 

a 

II 

" 

n 

23.24 

23.43 

—0.19 

24.62 

24.dl 

+0.61 

24.27 

23.71 

+0.56 

24.09 

22. «1 

+  1.28 

23.83 

23.90 

—0.07 

23.55 

22.46 

+  1.00 

24.04 

23.37 

+0.67 

23.80 

23.29 

+0.51 

23.72 

23.3H 

+0.33 

24.03 

22.48 

+  1.55 

24.01 

23.22 

+0.7'.) 

24.26 

23.40 

+0.86 

24.25 

23.56 

+0.69 

23.76 

23.64 

+0. 1 2 

24.52 

24.24 

+0.28 

24.60 

24.24 

+0.36 

24.16 

23.83 

+0.33 

23.82 

23.08 

+0.74 

24.13 

23.78 

+0.35 

24.73 

24.7:i 

—  0.06 

23.24 

23.53 

—0.29 

23.68 

2  3.. V.i 

+0.09 

23.61 

23.22 

+0.3'.! 

24.02 

23.26 

+0.76 

23.45 

23.08 

+0.43 

2  3. 'J  7 

23.37 

+0.60 

24.25 

24.29 

—0.04 

23.90 

23.74 

+0.16 

23.57 

23.29 

+0.28 

22.81 

+0.45 

24.16 

24  06 

+0.10 

23.97 

23.40 

+0.57 

23.58 

23.60 

—0.02 

23.37 

24.15 

—0.78 

24.34 

23.97 

+0.37 

23.29 

23.33 

—0.04 

23.38 

22.95 

+0.43 

23.44 

23.17 

+0.27 

23.07 

22.43 

+0.64 

24.41 

24.7o 

—0.29 

24.23 

23.98 

+0.25 

24.05 

24.7.". 

—0.70 

23.43 

23.82 

—0.39 

23.81 

23.40 

+0.41 

_     ii 

23.09 

+0.7:1 

24.41 

24.36 

+0.05 

24.05 

24.36 

—0.31 

23.29 

+0.10 

23.71 

22.55 

+1.16 

25.12 

23.89 

+1.23 

24.05 

23.45 

+0.60 

Mean  : 

=  0.374 

23.72 

22.68 

+1.04 

23.60 

24.16 

—0.56 

23.64 

23.37 

+0.27 

24.32 

23.59 

+0.73 

24.30 

22.96 

+1.34 

23.87 

23.37 

+0  50 

The  results  are  given  for  what  they  may  be  worth,  the  interpretation  of  the  evidence  for  or  against  a  change  of  latitude 
being  left  to  the  judgement  of  the  reader. 
Lehi'jlt  University,  S.  Bethlehem,  J'". 


ELEMENTS   AM)  EPHEMERIS   OF   COMET   OF   FIXLAT,  (1886  e). 


By  Rev.  G.  M.  SKARLE. 


I  have  computed  the  following  elements  for  Fini .ay's  comet. 
on  the  assumption  of  a  period  of  5.278  years,  giving  8  revo- 
lutions since  1844.  The  observations  used  were  the  discov- 
ery-observation of  September  26,  that  by  Mr.  Egbert,  at 
Albany,  on  October  16,  and  a  comparison  which  I  obtained 
with  <-'■  Sagittarii  on  Nov.  4.     This  last  gave  for  1886.0    . 


Nov.  4.492  G.M.T. 


19h  9 


.0 


-25c   28'  2" 


Two  hypotheses  were  made  for  M,  the  ratio  of  the  curtate 
distances,  and  one  interpolated  to  agree  in  longitude  with 
the  middle  place.     The  resulting  elements  are 

T        Nov.  21.909.     Greenw.M.T. 


Q, 


loge 
log? 
log  a 
log  ft 


s ;?  2 1 1886.0 

10  ol  22  j 
2  57  29 
9.83294 
9.98588 
0.48164 
2.82755 


They  represent  the  middle  place  as  follows  : 
O— C 

+  6"  +  15" 

and  seem  to  be  about  the  best  representation  that  can  be 
New  York  City,  1886  Nov.  13. 


made  of  it  with  the  assumed  period;  but  as  the  observation 
of  October  16  is  not  considered  by  Mr.  Egbert  of  much  value 
in  latitude,  and  as  that  of  November  4  was  also  only  rough, 
it  would  be  useless  to  attempt  to  deduce  any  period  from  the 
materials  used.  . 

These  elements  give  the  following  ephemeris  for  Greenwich 
midnight ;  the  unit  of  light  is  that  at  the  time  of  discovery. 


Date 

O.1S86.0 

8    1886.0 

log  A 

Light 

Nov.  17 

h      m      s 

20     7  26 

o         ' 

—22  52.1 

9.9231 

2.7 

19 

16  56 

22  17.9 

9174 

2.8 

21 

26  35 

21  40.8 

9118 

2.9 

23 

36  22 

21     0.6 

9063 

3.0 

25 

46  19 

20  17.3 

9009 

3.1 

27 

56  23 

19  30.8 

8957 

3.1 

29 

21     6  34 

18  41.2 

N!>o; 

3.2 

Dec.     1 

16  52 

17  48.4 

8860 

3.2 

3 

27  16 

16  52.4 

8816 

3.3 

5 

37  46 

15  53.4 

8776 

3.3 

7 

48  21 

14  51.3 

8740 

3.3 

9 

59     0 

13  46.4 

8709 

3.3 

11 

22     9  42 

12  38.8 

S6.S2 

3.3 

13 

20  26 

11  28.8 

8661 

3.3 

15 

31   13 

—10  16.5 

8646 

3.2 

16 
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I  have  obtained  the  following  observations  of  the  comet. 
They  may  be  somewhat  rough,  but  any  observation  must  be 


so  unless  the  nucleus  is  well  marked.     I  have  taken  approx- 
imate account  of  differential  refraction. 


1886 

Greenw.  M.T. 

Aa 

M 

1886.0 

a                            d 

Nov.  15 
18 
19 

h        m 

11   42.0 
11   32.7 
11   37.3 

111          s 

+3   16.2 
+0  27.5 
-j-5  11.0 

i        if 

—22   12 
—28  21 
—11      2 

h         m        b 

1!)  57  53.6 
20  11   47.0 
20  16  30.5 

o       t        It 

—23  25  10 
—22  38     0 
—22  20  41 

The  comparison-star  on  November  15  was  Lac.  8308  ;  and 
on  the  other  two  dates  F.  3  Capricorni.  The  places  for 
1886.0  taken  from  the  Cordoba  Catalogues,  are 

1886  November  20. 


19  54  37.40 

20  11    19.53 


-23  2  58.5 
-2*2  9  39.3 


G.  M.  S. 


XEW   ASTEROIDS. 


An  asteroid  was  announced,  November  1,  as  discovered  by  Dr.  C.  H.  F.  Peters,  at  Clinton,  N.Y..  in  the  position 

(261)  Oct.  31.790  Gr.M.T.  a  =  lh  40m  8  =  +  4°  29'  13" 

Daily  Motion  — 56s  in  «,  and  4'  southward  ;   ll31. 
Mr.  Ritchie  of  the  Science  Observer  has  also  courteously  transmitted  the  cable-telegrams  received  by  the  S.  O.  code  from 
Dr.  Krueger,  announcing  the  discovery  of  two  more  on  the  night  of  November  3  by  Dr.  Pajjsa  at  Vienna. 

(262)  Nov.  3.4822  Gr.M.T.  a  =  2h  18™  51\7  8  =  +  14°  2'  17" 

Motion  slow  northward  ;   12M. 

(263)  Nov.  3.4935  Gr.M.T.  a  =  2h  17m  58\3  8  =  + 13°  46' 35" 

Daily  Motion  — 48s  in  «,  and  3'  southward  ;  12". 
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ANALYTICAL   DETERMINATION   OF   THE   INEQUALITIES   IN   THE   MOON'S 
MOTION   ARISING  FROM   THE   OBLATENESS   OF   THE   EARTH. 


B-i    JOHN   X.   STOCKWELL. 


PART    II. 


5  AW'  shall  first  determine  these  inequalities  by  the  meth- 
od which  is  given  in  the  author's  Theory  of  the  Moon's  Mo- 
tion. In  this  investigation  vve  shall  neglect  the  eccentricities 
of  the  orbits  of  the  sun  and  moon,  and  also  the  square  and 
higher  powers  of  the  inclination  of  the  moon's  orbit  to  the 


ecliptic.     Then,  if  ,'/.  denotes  the  sum  of  the  masses  of  the 

in i  and  earth,  a  and  nt  being  the  mean  distance,  and  mean 

longitude,  of  the  moon,  we  shall  have  the  following  equations 
for  determining  the  perturbations  of  the  polar  coordinates  r, 
v,  and  8  of  the  moon,  to  the  required  degree  of  accuracy. 


cos    III 


J  -j-  2a  sin  nt  I  — —  j  -\-  ay  j  sin  (  2nt 


sin  tit  p  I 

— =  |    .     <r  sm  lit 


OR 

Jr 


-f-  '111   COS  lit  I  — — 


Si)  +  sin  Si] 
-\-ur  jcos(2n<—  Si)  +  cos  Si] 


ill! 
06 

dli 

Jo 


!  ■*  j 


dSv  1    rfdR\  a 

-*  =  ~  J* J  (*r) * " 2 a Sr  +  - ";- »'"' < '" - s > se 

dnO  sin  nt  f  .         /<>R\   ,        cos  nt  r  t  dR\ 


<lSi_ 
dt 


II  II      Sill  lit 


sill   (; 


nt-Si)fm 


dr  mi 

— -   = cos  (nt  —  Si) 

lit  u 


Si) 

dR\ 

dOJ 


dO  ) 


in  which  R  denotes  the  disturbing  function,  and  y  and  Si  de- 
note the  tangent  of  the  inclination  of  the  moon's  orbit  to  the 
ecliptic,  and  the  longitude  of  the  ascending  node,  respect- 
ively. 

The  function  R  is  composed  of  two  kinds  of  terms  ;  namely, 
those  arising  from  the  earth's  oblateness,  and  those  depend- 
ing on  the  sun's  attraction.  "We  shall  denote  these  terms  by 
R„  and  R1  respectively  ;  so  that  we  shall  have 

(6)  R  =  R0+  Rt. 

If  we  also  denote  the  corresponding  perturbations  of  the 
coordinates  arising  from  R0  and  Ru  by  d0r,  SBv,  '\8  and  Sjr, 
SjV,  d^O,  we  shall  have 

(7)  dr  r=  S0r  -\-  BjT,        dv  =  Sav  -f-  SjV,        SO  =  >\0  -+-  Sx0. 


(1) 

(-') 
(3) 

(4) 
(5) 


The  value  of  R  must  first  be  computed  by  means  of  the 
elliptical  values  of  the  coordinates  ;  and  this  value  of  R  will 
be  correct  to  terms  of  the  order  of  the  first  power  of  the  dis- 
turbing force.  We  may  then  find  the  increment  of  R  arising 
from  the  disturbing  forces  by  means  of  the  equation. 
ili;\  ,     ,    fdR\  ,     .   filir 

since  R  is  a  function  of  the  coordinates  r,  v,  and  0. 

We  shall  neglect  the  terms  arising  from  the  squares  and 
higher  powers  of  the  disturbing  forces,  but  shall  retain  those 
depending  on  their  product.  If  we  now  substitute  the  values 
of  R,  Sr,  dv,  SO  given  by  equations  (6,  7)  in  equation  (8)  we 
shall  get  for  the  required  terms, 


SR  = 


(8) 
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«  =  (^)  °*  +  (£)  »  +  (£)  M  +  (f9  V  +  (£)  M  +  (-"*)  .». 


of  the  centrifugal  force  to  the  gravity  at  the  equator  ;  £>,  the 
mean  radius  of  the  earth  ;  and  ft',  the  moon's  declination. 
If  we  denote  the  obliquity  of  the  ecliptic  to  the  equator  by  e 
we  shall  have 

sin  ft'  =  sin  ?  cos  8  sin  v  -4-  cos  s  sin  0. 


The  part  of  the  function  7<"  which  depends  on  the  oblate- 
ness  of  the  earth  is  denoted  by  7i'„,  and  we  have 

(10)  *— (p-i+)p^$BinV  — *|; 

in  which  /i  denotes  the  ellipticity  of  the  earth  :  <f>.  the  ratio 

This  gives 

sin-  //  =  sin1'  ;  coss  0  sin"  v  -4-  2  sin  ;  cos  e  sin  6  cos  6  sin  w  -(-  cos2  e  sin 

and  if  we  put  for  abridgement 

//<„=  (,/  —  \<b)  D\ 
we  shall  obtain 


(11) 
(12) 
(13) 


J?0  =  ~^~  \ —  J  (1  —  |  sin'-  =)  -j-  (1  —  |  sin2;)  sin2  0  — •  i  sin2  c  cos2  0  cos  2«  -(-  2  sin  s  cos  £  sin  0  cos  6  sin  wj.  (14) 

Moreover,  as  we  propose  to  investigate  only  the  principal  terms  arising  from  the  earth's  figure,  we  may  neglect  every- 
thing except  the  last  term  in  equation  (14)  ;  and  if  we  put 

(14') 


//(  =  m0  sin  c  cos  e, 


we  shall  get. 
(15) 


Ro=  2 


r 


sin  0  cos  6  sin  u. 


In  a  first  approximation  we  may  neglect  the  sun's  action, 
so  that  we  shall  have 


(16) 

This  value  of  R  gives 


R  =  R0  =  2  —  sin  0  cos  6  sin  v. 


dR 
dr 


—  6  -t  sin  $  cos  6  sin  v 


2  -=-  sin  0  cos  0  cos  t 


1 


y    (i<) 


\dOJ=  ^lcos'e  —  sm-*Jsmr. 

Since  we  neglect  >-2  and  also  suppose  the  orbits  to  be  cir- 
cular, we  shall  have 


V  =  ?J/,     r  : 


a, 


sin  0  =  tan  8  =  y  sin  (nt  —  Q,),    cos  0=1; 


and  equations  (17)  become 


— -     =  3  — r  Y     cos  (2h?  — 


dv 
dR 

,18 


a 
m.'i 


SI)  —  cos  SI  | 


^>{sin   (2nt  —  SI)  —  sin  SI] 


(18) 


(19) 


2  — =  sin  nt. 


<5.     If  we  substitute  the  value  of 

dS9  _ 
~d7~~ 


— r  ]  m  equation  (3)  and  put  — ,  =  n"-,  we  get  the  perturbation  in  latitude  as  follows  : 


m  li- 


nn-     .  /•_     .    -  ,  MIC  /*  -.     . 

-j-  sin  nt    I    2  sur  /i?  <tt ^  cos  »<    I    2  sin  /<?  cos  nt  dt 

or  J  a-  ,F 


iiur       .  ,       mn 

= r-  <  sin  )d  -4-  i  -— -  cos  nt. 

a-  a- 


This  gives  by  integration 


m    .               m    .           ,    m  m    .  ,    »i 

=  1  —.  sin  »? ;,  sin  nt  -A ;  nt  cos  nt  =  —  X    .,  sm  nt  -+■     .,  nt  cos  nt. 

*    ft-  rt-  ri~  *   /■!-  ft- 


(20) 


(21} 


7.     We  may  obtain  the  same  result  by  means  of  the  va- 
riation of  the  elements.     For  equations  (4)  and  (•">)  become 

dSl        mn  .  , 

fit    ~  ^     COS  (2nt  —  ^)  —  cos  ft  I 
f221     -i       ,  r 

iji-. -v  {  sin  (2n«  —  ^)  -f  sm  S2  } . 


dt 


To  integrate  these  equations  we  may  suppose  the  elements 
to  be  constant,  and  then  make  the  elements  variable  in  the 
integrals  ;  or  we  may  integrate  them  supposing  the  elements 
to  be  variable.  ' 

If  we  first  suppose  the  elements  to  be  constant,  and  put 
o£l  and  dy  for  the  integrals,  we  shall  get 
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(23) 


yShi  =   A  — ,  sm  (2«f  —  ft) r-  COS  ft. 

o>  =  i  '",  cos  (2id  —  ft)  —  ^  sin  ft. 


Now  since  6  is  a  function  of  ?•  and  ft.  its  variation  will  be 
given  bv  the  equation 

<«>  '     «=0 +'(£)«■ 

But  we  have 

(24')  0  =  rsin  («/  -  ft); 

therefore  equation  (24)  becomes 

(25)       80  =  sin  (ft  —  Q)  8r  -  cos  (id  -  ft)  /-3ft 


//(    .  .    ni  nt 

—  *  -i  sin  ?rt  -4-  ■ — r  cos  /iC 


(26) 


which  is  the  same  as  (21),  before  found. 

8.  We  will  now  integrate  equations  (22)  on  the  suppo- 
sition that  the  elements  y  and  ft  are  variable  by  reason  of 
the  disturbing  forces.  We  may  suppose  that  y  is  constant, 
since  it  is  subject  to  periodic  inequalities  only  ;  but  ft  being 
subject  to  a  secular  variation,  we  shall  suppose  that 

ft  =  fto  +  «*,  (26') 

in  which  a  is  a  very  small  constant  coefficient.  The  last 
terms  of  (22)  being  the  only  ones  which  increase  by  integra- 
tion, we  may  suppose  that  ft  is  constant  in  the  other  terms. 
Then  we  shall  have 


/•twa 


_  ndt  ;  cos  (2id  —  ft  )  -  cos  (  ft,,  -f  at)\ 


and  these  give  by  integration 


Mr    =  -  -,  ndt  [sin  (2ft  -  ft)  +  sin  (ft,,  +  at)  \ 


y8Q  =  $  -s  sin  (  2nt  —  ft)  -  ^  j  sin  ft  -  sin  ft,,}    ] 
Sy  =  i    -scos  ('2nt  -  Q)  +    j     [cosft— cos  ft„] 


(27) 


(28) 


the  constants  sin  ft,,  and  cos  $„  being  added  to  the  secular  terms  so  that  they  may  vanish  at  the  epoch,  when  t  =  0. 
Now  we  have 

-in  j  at  cos  (  ft  —  4  at)  =        — r  | cos  ft  +  A.  at  sin  ft  J 


mil 


era 

in  a 


.,     [cosft  — cos  ft0}  =  2         sin  X  at  sin  (ft  —  A  at) 


—j-    sm  ft  —  1  at  cos  ft    . 
a-    '  ' 


(29) 


(30) 


If  we  neglect  the  very  small  quantities  ma.  the  last  terms 
of  these  equations  will  disappear,  and  equations  (2*)  will  be- 
come 


(31) 


„„        .  '"     .  „  if  ft 

/'Aft  =  i  I  sm  (2ft  —  ft)  -      ,,   cos; 


it- 
ni 


a 

in  ft 


Sy    =  i  -j  cos  (2ft  -  ft)  -  —    sin  ft 
the  same  as  equations  (23),  which  were  found  by  the  other 


method  of  integration.  We  have  thus  determined  86  by  two 
different  methods  and  found  a  perfect  agreement  between 
them. 

9.  In  order  to  find  the  perturbations  of  the  radius  vector 
we  must  substitute  the  values  of  the  functions  given  by 
equations  (19)  in  equation  (1)  and  we  shall  find,  remember- 
ing always  that    \'i  = 


_  =  an, 


d8r 


=  a  "^  nydt  cos  rdi  J  -  I  cos  1 3nt  —  ft)  -f  f  cos  (nt  -+-  ft)  -f  2  cos  (id  —  ft  )  j  ndt 

—  a—,  nydt  sin  nt  I  \       %  sin  (3id  —  ft)  —  J  sin  (id  +  ft)  —      sin  (nt  —  ft)  |  ndt. 


(32) 


Since  the  terms  depending  on  the  angles  nt  ±  ft  increase  by  integration,  we  must  suppose  ft  to  be  variable  in  these  terms. 
Equation  (32)  will  then  become,  after  performing  the  integrations, 


dSr  =  a  -  nydt  cos  nt  {  -  |  sin  ( Sid  —  ft )  +  |  -£-  sin  (id  +  ft  )  +  2  -    -  sin  (id  -  ft)  }    1 

a"  n-\-a  n — a  '     I 

III  tl  ~ll 

—  a  -,  nydt  sin  id  j  —  J  cos  (Sid  —  ft )  +  §  — j-  cos  (nt  -4-  ft  )  -4-  -  cos  (h«  —  ft  )  } .  I 

This  equation  is  easily  reduced  to  the  following 


(33) 


dSr 


a—,  nydt  j  —  ?,  sin  (2id  —  ft)  —  3    ,       .  sin  ft 
a-  '  n- — «- 


(34) 
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which  gives  by  integration 


dr 


a  »  [  J  (1  _  }  siir'  e)  +  i  r  cos  (2n<  -  Q)  +  3r  -^— -2  cos  ft  j  . 


(35) 


a'  '  -  n-—a- 

The  quantitv  .\  (1  —  |  sin2  e)  being  added  to  complete  the  integral. 
10.     We  must  now  find  dv.     If  we  multiply  the  second  of  equations  (19)  by   dt   and   integrate,  we   find,  after  putting 


*-n* 


.0 


dE 

dv 


dt  =  mn-  y  j  - 


2n 


cos(2nt—  Q)  -  tsinQ]  . 


Multiply  this  by ;  and  we  get 


1st  term  of 


ddv  =     .,  nydt  j  J  cos  (2nt  —  Q  )  +  nt  sin 


(36) 


(37) 


If  we  now  multiply  equation  (35)  by  —  2  -,  neglecting  the  constant  term,  we  get 


2nd  term  of  dSv  =    '^rndt  {  —  fcos  (2n«  —  Q)  —  6  cos  Q  j 


Lastly,  if  we  multiply  equation  (21)  by  2  ?i;-sin  («.£  —  S)we  get 


3d  term  of 


ddv 


'[,  yndt  j  i  cos  (2nt  —  Q  )  —  h  cos  S  +  nt  sin  (2n<  —  Q, )  —  nt  sin 


The  sum  of  these  last  three  equations  gives  the  value  of  ddv ;  therefore 


ddv  =  -,  yndt  I  %  cos  (2nt  —  &  )  —  g  cos  &  +  n«  sin  (2ni  —  Q  ) }  ; 


and  this  gives  by  integration 

m 
cr 


dv  =  ™  r  {  /v  sin  (2w«  —  Q)  —  g-  (sin  Q  —  sin  8„)  —  £  »<  cos  (2n*  —  8  )  i 


11.  We.  shall  now  compute  the  value  of  dv  by  the  method 
of  the  variation  of  the  elements.  For  this  purpose  we  shall 
take  one  of  the  fundamental  equations  of  motion  given  by 
LaPlace,  book  II,  §  15,  or  [517]  of  Bowditch's  translation 
of  the  Mecanique  Celeste,  as  follows : 


(42)      lll!r 
K     >      dt- 


rdv" 
dt" 


cos- 1 


r<Hf 
dt1 


dQ 
dr 


dR\ 


This  gives,  to  the  required  degree  of  accuracy, 

dv 
dt 


dv       V,«  ,       .       r-  fdR\  r-  ddr 


,.2  ,,.  KdrJ 

Now  we  have  r  =  i\  -f-  dr,    r,  being  the  elliptical  value  of 

the  radius  vector ;  and  since  we  neglect  the  eccentricity,  we 

have 

(43')  n  =  a,  ddr  =  dddr; 

ddv 


therefore 

dr        V,". 


dt 


a-- 


adr        ^  a-  fdR\    ,    ,  «=  dddr 
* "a  +  *  /T  \dr~J  +  *7i~W 


(38) 
(39) 

(40) 

(41) 

(44) 


The  first  term  of  the  second  member  of  this  equation  is 
equal  to  n  ;  therefore 

,      Sr   ,    ,      a-/dR\    ,    ,      a-  dddr       „_. 
tin  =  —  a  n-  +  J  »  -    —    +  i  ,l  -  -^T-      (4o) 

The  elliptical  value  of  the  longitude  gives 

^  =  «  —  i  nf  cos  2  (»«  —  Q )  (46) 

the  last  term  being  the  reduction  to  the  ecliptic. 

The  variation  of  this  in  terms  of  the  variations  of  n.  y  and 
8  is 


=  dn  —  »y  cos  2  (nt  —  Q)  —  ny  sin  2  (nt  —  &)  ydQ. 


Now  we  have  from  wliat  precedes. 


a 


-iTi--  -J(cos2Be—  Q)—  fcosQJ 

3)  —  fcos  Q( 


as  /dJ2\         m       . 
i-.gr   :=S7|-tCO.(««l-0)|. 


(461) 

(47) 
(48) 
(49) 
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The  last  equation  is  found  by  taking  the  second  differen- 
tial of  (35)  and  omitting  the  last  tern,  since  it  would  be 
multiplied  by  the  very  small  quantity  a2. 

The  sum  of  equations  (47-49)  gives 

nj-  j  cos  2(nf  —  Q)  Sy  +  sin  2(nt  —  &)  r8Q 

The  substitution  of  (50)  and  (51)  in  (46')  gives 


dn  =  n  —   y  j  !,-  cos  (int  — •  Q, )  —  G  cos 


(50) 


If  we  substitute  the  values  of  dy  and  ySQ  given  by  equa- 
tions (23)  in  (46'),  we  shall  get  the  terms 


n  -2  7  |  \  cos  a  —  nt  sin  (2n«  —  &  ) }  ■ 


'1$''  m      , 

—  —  n  -s  ;    J  \  cos  (  2n«  —  Q  )  —  jj'cos  Q  +  ft<  sin  (2nt  —  Q, )  J 

which  is  identically  the  same  as  equation  (40),  found  by  the  other  method. 


(51) 
(52) 


OBSERVATIONS   OF   THE   COMET    1886  e  (fwlAY) 

MADE  AT  THE  DUDLEY  OBSERVATORY,  ALBANY. 

(Communicated  by  the  Director,  Prop.  Lewis  Boss.) 


1886 

Albany  M.T. 

* 

No. 
Comps. 

-* 

&"■&  apparent 
a                             8 

log 
for  a 

pA 

ford 

h         m        s 

in        B 

i    a 

h         m       8 

O            1            tf 

Sept. 

29 

7  29   18 

1 

20 

—0  15.37 

+6     7.6 

17     9  46.63 

—26   13  56.2 

9.521 

0.872 

Oct. 

16 

8     1  51 

2 

1 

■4-9  43.87 

+5  49.8 

17  59     2.94 

26  39     7.0 

9.604 

0.843 

22 

7  11  38 

3 

10 

-j-1   54.18 

+  1     2.0 

18  19  29.54 

26  31  54.4 

9.531 

0.870 

2.'5 

7  14  54 

4 

5 

+  5  59.74 

+0  37.9 

18  23     5.47 

26  29  31.2 

9.538 

0.868 

Nov. 

1 

7     6  33 

5 

12,4 

—3  27.76 

+2  55.8 

18  57  27.17 

26  49  35.5 

9.517 

0.872 

2 

6  54    4.6 

6 

21  ,  7 

—0  40.69 

-2  54.0 

19     1  27.46 

25  42  57.8 

9.495 

0.877 

0 

6  ID  10.2 

7 

9  .  3 

+2  43.91 

—3  34.4 

19   13  49.51 

25  19  52.1 

9.458 

0.882 

16 

6  28  11 

8 

6  ,  6 

—0  10.05 

+  1   54.7 

20     2  25.71 

23  10     1.0 

9.400 

0.894 

l( 

7  16   14 

9 

3,  1 

— 4  55.17 

+3  41.6 

20     2  35.32 

23     9  27.8 

9.519 

0.864 

18 

6  21  45 

10 

3,  1 

—4   12.55 

+4  15.5 

20  11   44.50 

22  37  57.8 

9.367 

0.895 

i:i 

5  59  12 

11 

18  ,  6 

—1    18.39 

+3  29.1 

20   16  23.43 

22  21    15.5 

9.291 

0.890 

It 

6  22  52 

12 

12,4 

—  4  57.92 

+2  38.9 

20  16  28.47 

22  20  56.2 

9.377 

0.884 

21 

6  20  31 

13 

12  ,  4 

—5  45.49 

+4  21.1 

20  25  59.60 

21  44  43.0 

9.362 

0.883 

it 

7     2  39 

14 

15  .  5 

—4  52.40 

—0  34.0 

20  26     7.78 

—21  44  15.0 

9.478 

0.868 

Adopt jil    Mean   Places   for   1886.0  of   Comparison- Stars. 


* 

lied,  to 

8 

Red.  to 

a 

app.  place 

app.   place 

Authority 

h 

m         e 

o        1 

1 

17 

10     0.23 

+1.77 

—26  20 

4.8 

+  4.6 

Oe.  Argel.  16548 

2 

17 

49  17.41 

1.66 

26  45 

3.4    • 

6.6 

Stone  9766 

o 

18 

17  33166 

1.70 

26  33 

4.1 

7.7 

Yarnall  7784 

4 

18 

17     4JI5 

1.68 

26  30 

16.8 

7.7 

"        7779 

5 

19 

0  53.22 

1.71 

25  52 

40.8 

9.5 

i(  Yarnall  8127+St.  10392) 

6 

19 

2     6.45 

1.70 

25  40 

13.4 

9.6 

Argentine  Gen.  Catal.  26207 

( 

19 

11     3.91 

1.69 

25   16 

27.6 

9.9 

Bonn  VI.,  5  obs. 

8 

20 

2  34.05 

1.71 

23   12 

7.4 

11.7 

Wash.  Zones,  corrected 

9 

20 

7  28.73 

1.76 

23  13 

21.2 

11.8 

CC                 ((                    cc 

10 

20 

15  55.29 

1.76 

22  42 

25.3 

12.0 

Yarnall  8826 

11 

20 

17  40.09 

1.73 

22  24 

56.7 

12.1 

3  Wash.  Zones,  with  Bonn  VI 

12 

20 

21   24.64 

1.75 

22  23 

47.2 

12.1 

5     "           "        "       "      " 

'    13 

20 

31  43.34 

1.75 

21  49 

16.5 

12.4 

Yarnall  8951 

14 

20 

30  58.45 

+1.73 

—21  43 

53.3 

+12.3 

Wash.  Zones  (2) 

Except  on  September  29,  the  filar  micrometer  was  used  in  all  the 
observations.  The  first  four  observations  are  by  H.  V.  Egbert  ; 
the  remaining  eight  by  L.  Boss. 


Wherever,  by  comparison  with  star-places  derived  from  Yarnaxl's 
Catalogue,  an  apparently  well-founded  correction  to  the  Washington 
Zones  could  be  derived,  it  has  been  applied.     Such  corrections  have 
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been  used  as  follows  :  —  Merid.  Circle  Zone,  No.  53,  -f  38.6,  4-  1".8 ; 
Moral  Circle  Zone,  No.  186,  +  2".7;  Transit  Zone,  No.  179,  —  03.30; 
No.  192,  -+-  2".l.  In  the  case  of  stars  8  and  9,  they  were  corrected 
so  as  to  make  the  differences  of  the  apparent  places  on  November  1G 
conform  to  the  differences  measured  with  the  tilar  micrometer  on 
that  night. 

The  observation  of  October  16  is  not  regarded  by  the  observer 
a.s  particularly  strong,  and  this  may  well  be,  owing  to  the  large 
hour-angle  at  which  the  comet  was  observed,  and  the  foggy  con- 
dition of  the  atmosphere. 

There   was  a  moderately  thick  fog  on  November  16,  during  the 


observations,  followed  by  clouds.  The  sky  suddenly  clouded  after 
the  single  comparison  of  November  18  ;  but,  possible  errors  of  count- 
ing seconds  or  micrometer-revolutions  excepted,  the  observation  is  a 
good  one.    The  comet  was  bright,  with  strong  nuclear  condensation. 

The  comet  was  bright  on  November  19,  until  a  bank  of  clouds 
suddenly  rising  hid  it  from  view.  Light  of  central  condensation 
estimated  as  equal  to  that  of  a  star  of  the  magnitude  9.5.  The  coma 
appeared  to  be  2'  or  3'  in  diameter. 

The  Catalogue  of  Argklaxder's  Southern  Zones  from  19h  to  24\ 
and  Gould's  Zone-observations  at  Cordoba,  are  not  included  in  the 
library  of  this  observatory. 


A   NEW    SHORT-PERIOD   VARIABLE   IX   AQUILA. 


19h  22m  38";  —  7°  17'.9  (1875.0) 


By   EDWIN   F.    SAWYER. 


I  beg  to  announce  that  I  have  discovered  the  star  50  (U. 
A.)  Aquilae,  to  be  a  variable  of  short  period.  The  magnitude 
of  the  star  in  the  Uranometria  Argentina  is  7.0.  My  obser- 
vations of  1882  September  15,  and  1886  September  21,  give 
the  magnitude  of  the  star  as  6.7  and  6.8  respectively,  being 
fairly  accordant.  On  the  evening  of  1886  October  22,  how- 
ever, while  examining  the  stars  in  its  vicinity,  I  was  struck 
with  its  unusual  faintness,  and  it  was  marked  for  future  ex- 
amination. On  the  two  following  evenings  the  star  still  re- 
mained faint,  but  on  the  third  evening  (October  25)  it   was 


found  very  bright,  and  its  variability  established  beyond 
doubt. 

A  preliminary  reduction  of  my  observations  so  far  obtained 
indicates  that  the  period  is  about  one  week.  The  range  of 
fluctuation  is  between  the  magnitudes  6^4  and  7.3  The  star 
appears  colorless.  The  comparison-stars  used  and  the  pre- 
liminary light-scale  adopted  are  given  below  ;  the  positions 
being  for  the  mean  equinox  of  1875.0. 

The  star  is  6.7  mag.  in  Heis. 


I '.A.     Sawver  I.ight-Scale 


a  =  100 

(l.A. 

)-'v 

nihil' 

19  52  59 

—  10  17.0 

t;.l 

6.1 

18.0 

b  =    92 

t( 

.. 

19  47  21 

—  8  53.8 

6.2 

6.25 

16.6 

c  =    80 

l( 

19   42     9 

—11   10.7 

6.4 

6.4 

15.0 

d  =     60 

.  ( 

19  28  45 

—  7  43.9 

6.7 

6.65 

11.0 

«  =     43 

it 

It 

19   16  20 

—  7  38.2 

6.7 

6.7 

9.7 

f  =  W.B 

280 

li 

19  13  19.6 

—  6  51.5 

7.1 

6.0 

q  —  W.B 

568 

.. 

19  24  12.3 

—  6  46.2 

...> 

1.3 

From  the  above  light-scale  the  following  light-values  for  the  variable  have  been  determined  : — 


Light 

Light 

d 

h        in 

d 

h        m 

1882,  Sept. 

15 

Id    15 

8.7 

1886, 

Nov.    2 

6     0 

10.0: 

1886,      " 

21 

8  50 

9.8 

4 

6  10 

7.5 

Oct. 

19 

7     0 

ll.i) 

5 

6     0 

5.3* 

22 

7     I) 

7.0 

7 

6     0 

9.3* 

23 

6   45 

5.0 

8 

6     0 

13. 6» 

24 

6  30 

9.1 

9 

5  45 

12.0* 

25 

7     0 

13.9 

14 

5  45 

8.2 

Nov. 

1 

6  10 

14.8:: 

15 

5  45 

14.0: 

•Moonlight. 

Cambridyrport,  1886  Nov.  15. 
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ELEMEXTS   AND   EPHEMERIS   OF   THE   COMET    1886  /  <  BARNARD,  OCT.  4.) 

By  S.  C.  CHANDLER.  Jr. 


From  au  observation  on  the  25th,  kindly  furnished  me 
to-day  by  Mr.  Wendell,  of  the  Harvard  College  Observa- 
tory, combined  with  the  position  at  Kiel  ou  October  29,  and 
the  mean  of  those  at  Albany,  Copenhagen,  Cambridge  and 
Nashville,  on  October  6,  I  have  computed  the  following  orbit. 
Positions  corrected  for  parallax  and  aberration. 


Greenwich  M.T. 

1886  Oct.     6.84726S 

29.689826 

Nov.  25.953206 


a  1SS6.0 
h        m       a 

10  39  57.90 

11  39   19.62 
14  18  54.87 


3  18S6.0 
o         I         II 

+  1   13  12.0 

+  5  49  23..") 
+16  21  48.8 


Elements. 
T  =  1886  Dec.  16.49477  Green.  M.T. 


Q 


lo< 


=    86°21'16".8) 
=  137  22  41  .2  [■ 
1J 


1886.0 


i    =101  39   19 
q   =  9.8216054 


C  —  O    M;- cos  fi  = -K>".:> 
U     (  J/3  =  —2  .6 


Equator-Constants. 
x  =  r  [9.8741610]  sin  [v  +      6°  53'  11".2] 
y  =  r  [9.8266688]  sin  [y  -4-  198    32  54  .4] 
z  =  r  [9.9977513]  sin  [«  -j-  102     4 


24  .6] 


Ephemeris  for  Greenwich  Midnight. 


1886 

App.  a 

Arr-  8 

log  r 

log  A 

L 

Dec.    3.5 

h       m       s 

15  37  59 

-f-18°   o'.4 

9.8555 

9.9852 

23.1 

5.5 

16     0  28 

17  56.8 

7..'. 

16  22  53 

17  39.3 

9.8386 

9.9871 

24.7 

9.5 

16  44  51 

17     7.2 

11.5 

17     6     7 

16  22.5 

9.8270 

0.0005 

24.5 

13.5 

17  26   18 

15  26.2 

15.5 

17  45   19 

14  21.0 

9.8218 

0.0234 

22.6 

17.5 

18     2  57 

13     9.3 

19.5 

18   19   17 

11   53.1 

9.8236 

0.0523 

19.6 

21.5 

18  34   16 

10  34.5 

23.5 

18  48     2 

9   14.9 

9.8321 

0.0841 

16.3 

25.5 

19     0  37 

7  55.7 

27.5 

19   12   10 

6  37.6 

9.8465 

0.1165 

13.1 

29.5 

19  22  45 

5  21.9 

31.5 

19  32  32 

+  4     8.1 

9.8656 

0.1479 

10.4 

Cambridge,  1886  Xovember  27. 


OX   THE   ORBIT   OF   THE   PERIODIC   COMET   1886  e  (fixlay) 

By  Prof.  LEWIS  BOSS. 


The  elements  of  the  comet  discovered  by  Finlay,  which 
are  included  in  this  article,  were  derived  from  four  normal 
places  constructed  by  the  aid  of  the  elements,  which  are 
printed  in  No.  146  of  the  Astronomical  Journal.  The  epoch 
of  the  first  normal  place  is  September  30.5  (G. M.T.)  and 
the  place  is  founded  on  observations  made  at  Rome  (2) , 
Nice  (2),  Lyons  (2),  Vienna  (2).  Washington  (2),  Nash- 
ville and  Albany.  M.  Perrotin's  observation  of  September 
29,  as  printed  in  the  Comptes  Rendus  (No.  14),  was,  how- 
ever, first  corrected  for  proper-motion  of  the  star  used,  for 
which  Newcomb's  position  and  proper-motion,  as  in  his 
Zodiacal  Catalogue,  were  adopted.  The  second  normal  place, 
at  date  October  23.0,  comprised  four  filar-micrometer  ob- 
servations :  those  at  Washington,  October  22  and  23,  and  at 
Albany  on  the  same  dates.  The  third  was  made  up  of  three 
Albany  filar-micrometer  observations — November  1,  2  and  5 
— combined  by  weights  to  make  the  mean  date,  November  3.0. 


The  final  place  consisted  of  two  Albany  filar-micrometer  ob- 
servations, November  19.43.  As  in  my  elements,  printed  in 
a  previous  number  of  this  Journal,  the  computation  was  so 
conducted  as  to  make  no  use  of  the  middle  latitudes.  The 
following  elements  result : 

T—  1886  November  22.39510  Gr.M.T. 

-  =       7°  51'    6".9  | 

u>  =  315    16  52  .3  I  Ecliptic  and  Equinox 

&=    52   34  14  .6  [  1886.0 

i  =      3      1    26  .8  J 
loge  =  9.853910 
log  q  =  9.997H  17 
log  <(  =  (I.542HSO 

Approximate  Period        6V.503 

Equatk  >ns  i  >f  the  Heliocentric  Coordinates  : 
x  =  r  [9.999619]  sin  (r  +  97D  48'  48".  1) 
y  =  r  [9.956318]  sin  (v  -j-    8    56   51  .0) 
z  =  r  [9.632381]  sin  (c  -f    2    44  49  .5) 
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The  dit  lit  comparison  with  the  place  of  October  23.0  gave 
(C-O)  :  J/  =  +0".G  ;  z/(3  — 4".8. 

As  the  computation  was  independent  of  this  latitude,  the 
comparative  smallness  of  Jp1  may  be  regarded  as  testimony 
favorable  to  the  accuracy  of  the  above  elements,  especially 
since  this  place  is  nearly  midway  between  the  extreme  ob- 
servations. In  order,  however,  to  test  the  elements,  in  some 
degree,  the  subjoined  results  of  comparisons  of  them  with 
the  observations  cited  are  given.  The  signs  are  those  result- 
ing from  subtraction  of  the  observed  places  from  the  com- 
puted. 


Sept. 


Oct. 


Nov. 


C- 

-0 

/ia. 

/S 

29 

Kome 
Nice 
Lyons 
Albany 

Nashville 

—0.1 

—o  3 

+o.:; 

+  0.S 

—0.5 

—  5 
+  1 

—  0 

+  9 

30 

Vienna 

—0.8 

—    Q 

Lyons 
Washington 

—0.5 
+0.2 

—   1 

1 

Vienna 

Kome 
\  ice 

Washington 

+  0.-1 

0.0 

+o.:; 

+  0.1 

+  15 
+  12 
—  4 
—11 

22 

Albany 
Washington 

0.0 

—0.1 

—  3 

—  5 

23 

Albany 
Washington 

—0.1 
—0.3 

—  1 
—11 

1 

Albany 

—0.5 

—  3 

2 

Albany 

—0.1 

2 

5 

Albany 

—0.8 

-   2 

111 

Albany  ( 1 ) 
"    "    (2) 

—0.2 
—0.5 

—  2 

—  1 

21 

Albany  (1) 

"     "    (2) 

+0.6 

+0.7 

+  3 

+  9* 

•The  star-pluce  is  from  Washington  Zones  alone. 

Albany,  1886  December  3. 


Notwithstanding  this  apparently  favorable  showing,  the 
determination  of  the  semi-axis  and  consequent  periodic  time 
is  liable  to  important  corrections.  Yet  I  can  hardly  believe 
that  the  period  is  less  than  six  years;  for  a  value  exceeding 
that  amount  would  have  been  given  by  any  one  of  the  final 
three  approximations  which  I  made  for  the  radii  vectores  and 
the  included  arc.  This  fact  renders  it,  in  my  opinion,  ex- 
tremely probable  that  the  comet  has  made  only  seven  revo- 
lutions since  its  appearance  in  1884  ;  and  that  the  effect  of 
the  great  perturbations  which  the  elements  have  probably  ex- 
perienced has  been  to  lengthen  rather  than  to  diminish  the 
period  found  by  Brunnow. 

I  desire  to  call  the  attention  of  observers  to  the  increasingly 
favorable  situation  of  the  comet  for  observation  in  this  hem- 
isphere, and  to  express  the  hope  that  no  opportunity  for  ob- 
serving it  be  neglected.  Though  the  comet  will  diminish 
slowly  in  brightness  after  the  middle  of  December,  it  ought 
to  be  well  seen  for  at  least  two  months  to  come. 

The  following  ephemeris  for  Greenwich  midnight  has  been 
computed  for  the  convenience  of  observers. 

Ephemeris  for  Greenwich  12\ 


Date 

1880  Dec. 


o^  App.  a  £/  App.  8 


•  i 
7 
'.I 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 


22 


21  25  46.9 

36  0.G 

46  17.1 

56  86.8 

6  57.7 

17  19.6 

27  11.7 

38  3.2 
IS  23.5 
5.s  11.7 

8  5  7.-". 

19  9.4 

29  17.4 

39  20.5 
19  18.4 


-17 
16 
15 
14 
13 


23 


4  10 

7  25 

8  8 
6  13 
1  5  7 

11  :>■<  28 

10  47  5 

9  36  5  7 

8  25  24 

7  12  40 

5  59  G 

4  44  59 

3  30  38 

2  16  22 

1  2  28 


9.9226 
9.9207 
9.9172 
0.9151 
9.9134 
9.9123 
9.9116 
9.9117 
9.9121 
9.9132 
9.91  19 
!i. '.II  72 
9.9201 
9.9236 
9.9277 


ADVERTISEMENT. 

A  volume  of  the  Astronomical  Journal  consists  of  twenty-four  numbers,  with  a  table  of  contents  and  alphabetical  index. 
The  price  of  subscription  is  $5.00,  payable  in  advance. 

The  names  of  any  agents,  who  may  be  appointed,  will  be  announced  hereafter,  and  subscriptions  may.  in  the  mean  while, 
be  sent  directly  to  the  Editor  at  Cambridge,  Massachusetts. 

No  additional  charge  is  made  for  postage. 

A  few  copies  of  Vols.  IV,  V  and  VI  may  be  obtained  at  the  same  price  ;  and  there  are  three  full  sets  from  the  beginning, 
at  $40.00  each. 
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ANALYTICAL   DETERMINATION  OF   THE   INEQUALITIES   IX   THE   MOON'S 
MOTION'    AEISLNG    FROM    THE   OBLATENESS   OF   THE   EARTH. 


By  JOHN  N.  STOCKWELL. 
PART   III. 


12  We  have  thus  determined  the  inequalities  arising  from 
(the  earth's  oblateuess  by  two  different  methods  of  calculation, 
and  have  obtained  the  same  results,  and  we  shall  now  apply 
LaPlace's  formulas  to  the  solution  of  the  same  problem. 

For  this  purpose  we  shall  take  the  formulas  [926]  and 
[923]  Mec.  Cel.  which  are  easily  reduced  to  the  following 

,_„.  ddrSr  ,   ur8r  ,      /*,  „    .       fill! 

(o3) 


dP 


■■>  |*d  R  + 


=  0 


(54) 


d8v  = 


2d  (  rddr)  +  dt*  3  fdR  +  2r  f^\ 


r*dv 


in  which  the  symbol  d  refers  only  to  the  coordinates  of  the 
moon.     Also  [032]  and  [5347/]  Mec.  Cel.  become  (55) 

rfF 


s  =  a  cos  v  I  ndt  sin  vr  I  -—  )  —  a  sin  v  (  ndt  cos  vr 


(56) 


dd 


,   r2/dR\ 


since  /r  ir  =  — . 
Now  we  have 

<">   *»=($*+(*)*+(*)* 

in  which  s  denotes  the  tangent  of  the  latitude,  and  rm  v0,  s0 
denote  the  elliptical  values  of  the  coordinates. 

Since  we  neglect  y"  and  also  the  eccentricity  of  the  orbit, 
we  may  put  w  =  nt  and  s  =  0,  in  the  expressions  for  the 
forces,  which  will  then  become 

■<58>  f^)  =  3";;;-;eos(2,--a)-cos^ 


(59) 

(60) 


dr. 

d_R\ 
dv) 
dR 
dd 


a 
m,u 

dR 


y  {sin  (2r  — &)  —  sin  &  j 


2  —=-  sin  v. 

a  ■ 


We  shall  also  have  with  sufficient  precision  for  computing 
the  forces  (60') 

d/-=o.        r  =  ,■ 


r  =  o 

Then  we  find 

cii'  =  dv0, 

dr 


ds 


=  s„=  0  =  7  sin  (/ 


ds0  =  ;<?r  cos  ( c  —  a ; 


dr  =  0 


Wu,=* 


jdv  =  ^,irdv\sm(2v-Q)  —  smQ\ 

dR\  ,        «'       ,    ,   . 
(h  )&  =  ■& ;7dr  jsin( 2r  _  Q  )  +  sin  Q  j 

Substituting  in  (57)  we  get 


<1A'  =  2—^  vdrsin  (2c- 
ii- 


■8). 


(61) 


(62) 


(63) 


and  this  gives  by  integration 

iB  =  —  -^  ycos(2« —  S2)-  (64) 

If  we  substitute  this,  and  the  value  of  (  —  Jin  equation  (53) 
it  will  reduce  to  the  following,  since  r 
dddr   ,    ,     ,       in 


-=-  -J-  dr  -|-  a  -„  v  5 cos  (2y  - 
and  this  gives  by  integration 


a  and  dv—  ndt, 
)  —  3  cos  £|  =  0         (65) 


o> 


:a  '  ,;■■  {^cos(2v—  8)  +  —  — -cosQI 
'(  1  —  a 


(66) 


which  is  equivalent  to  the  value  found  in  (35),  omitting  the 
constant  term. 
Now  we  have 


3  C  dR 

dR 


•2r 


dr 


-J-?!—  3cosO  —  Si)\ 


r  y\6cos(2v  — &)  — 6 COB Sl\ 


(67) 
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and  equation  (66)  gives,  by  taking  its  second  differential  and  omitting  the  last  term,  since  it  is  multiplied  by  the  very  small 
quantity  <r, 


2rdddr  =  my  {  —  §  cos(2d  —  Si)\  dv2=  -^  y  {—  §  cos  (2d  -  9,)\dt2. 


Equation  (54)  therefore  becomes,  since  p.  =  aV, 
m    irdt" 


Y  -3—  1 1  cos  (2d  +  ft )  —  6  cos  ft  \ 
dv   ' 


[  d8v  =  * 

^         ;;; 

—  ~iY&v  I i  cos  (%v  —  ft )  —  6  cos  ft  \ 


This  value  of  dSv  corresponds  to  the  plane  of  the  orbit, 
and  in  order  to  reduce  it  to  the  plane  of  the  ecliptic  we  must 
add  the  following  term 


»{'-£} 


dv 


Mac.  Cel.  [5382]  ;  and  this  requires  the  determination  of  the 
perturbation  in  latitude,  or  Bs. 
Now  since  z  =  rs  we  shall  have 

/dli\       /dR\  dz  /dR\        „  m/i    . 


If  we  substitute  this  in  equation  (55)  it  becomes 

m  Cm       ■    9  m    ■         Cci    ■ 

as  =  — j  cos  v  I  zdv  sin-  d  —    .,  sin  v  I  2  sin  d  cos  i>  do 

,  m   .        ,   m 

=  —  1  -,  sin  vA — -v  cos  v 


(68) 


(71> 


which  is  equivalent  to  equation  ("21),  and  becomes  identical 
with  it  by  changing  v  into  nt.  The  complete  value  of  s  is 
therefore  given  by  the  equation 


s  =  r  sin  ( u  —  ft )  —  A  —  sin  v  A-    .,  r  cos  v.  (  72 ) 

This  gives 

r/.s  =  \y  cos  (c  —  ft)  +  J  — ,  cos  v  —  -2v  sin  v\  dv.    (73), 

The  squares  of  these  equations  contain  the  terms 

■'  -  J  -*  y  {cos  (2d  —  ft)  —  cos  ft;  +  -.  U  ;■  {sin  (2d  —  ft)  —  sin  ftf     1 
or  "'  k 


ds2 


%  =  .V  '", ;  {cos  (  2v  -  ft)  +  cos  ft?  -  -.,  o  y  {sin  (2,-  —  ft)  +  sin  8j 


Therefore 


l  •]  ,s-  —  '  '' ,  \  =  —  1 '",  ;-  cos  ft  4    "',  '7  sin  (  2d  —  ft). 
-   (  i/r-  I 


m 

ii- 


ii- 


lf  we  add  this  to  equation  (69),  we  get  the  complete  value  of  dSv,  as  follows  : 

dSv  --  -„  y  J  \  cos  (  2d  —  ft)  —  ~  cos  ft  -|-  v  sin  (2d  —  ft  I  \  <lr. 


which  is  the  exact  equivalent  of  equation  (40). 

We  see  from  equations  (62)  that  the  terms  which  depend 
upon    the    longitude  of  the  node  in  the  expressions  of  the 

(ili:\    '  JdR\         ,,*,.,,  , 

forces)  -7T-  )and  (  — -  ]  cancel  each  other  in  the  expression  ot 


\ilr  J  \d$ 

(1//.    These  terms,  therefore,  have  no  effect  upon  the  radius- 
vector  and  longitude. 

13  The  most  elegant  method  of  deducing  the  inequalities 
in  the  moon's  latitude  arising  from  the  oblateness  of  the 
earth  is,  perhaps,  that  developed  by  LaPlace  in  chapter 
VIII,  book  11,  [1337];  and  also  in  the  appendix  to  the 
third  volume  [5790,  5791]  of  the  Meeanique  Celeste.  He 
has  there  given  the  differentia]  variations  of  the  elements  in 
terms  of  the  partial  differentials  of  the  forces  taken  with  re- 
spect to  the  elements  themselves.  We  shall  now  apply  that 
method,  and  shall  then  proceed  to  examine  LaPlace's calcu- 
lations of  these  inequalities,  and  shall  point  out  what  we  con- 
ceive to  be  fundamental  defects  or  errors  in  his  investiga- 
tions. 

14  For  this  purpose  we  must  first  put  the  expression  of 
the  moon's  latitude  under  a  different  form.      Now   we  have 

(77)      s  =  y  sin  (i;  —  ft  )  r=  y  cos  ft  sin  u  —  y  sin  ft  cos  r 


(74) 

(7:,) 

(76) 

>' 

(79) 

Now  by  substituting  s  for  0  in  equation  (It!)  the  value   of 
I!  becomes 


and  if  we  put 


mil  have 


p  =:  y  sin  ft,     q  =  y  cos  ft 


q  sin  u  —  p  cys  V. 


h  =  2      .   S  sin  '• 


and  if  we  substitute  the  value  of  s  (79)  we  gel 


K 


)'l  —  J  cos  2d — psm2D| 


~ 


(81) 


Equations  [1337]    Mec.   Cel.  become,  by  substituting  the 

value  iA'  c  and  neglecting  I  -. 


dq  = 


It  fdR 

{dp 


adv  /djt\  x 

T\dp) 

<i,„lt  fdR\  adv  fdR\ 

lp=-—{-^r-  rteJ 


Equation  (81)  gives 
dp  j 


=  —     .,   sin  IVs 


dR\      //(.■',.  ,  , 

_J=_{1_cos2d} 


(82) 


(83) 
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dq  = .,  dv  sin  2v 

a2 

am 

dp  =       — ,  dv  \ cos  iv  —  1  J 

ft- 


If  we  put  <">p  and  Hq  for  the  integrals  of  these  equations  we 
shall  find  by  integration 

/or\  «         ,  m    ■     -.         m  .  '" 

(85)  Sp  =  J-  —  sin  2c .,  «  ;      <></  =  £  -j  cos  2c. 

Adding  these  quantities  to  the  elliptical  values,  we  get  for 
the  complete  values  of  p  and  q 


(86) 


•        Oil'"'        o  '" 

p  =  r  sin  44  -4-  i     ,  sm  2v  —  -,v 

'  ir  IV 

„     i    ,   "i 
g  =  j'eos  Si  -4-1     .cos  2  c 
1  ^  ci- 


and  if  we  substitute  these  values  in  (71))  we  get 


(87)        s  =  rsm(v—Si) 


i    .,  sm  c  4-     —  cos  c 

-  .--  (/- 


which  agrees  with  each  of  the  other  methods. 

15  We  have  thus  given  four  different  computations  of  the 
values  of  dv  and  SO  and  have  found  that  they  all  agree  with 
each  other.  It  now  remains  to  examine  the  calculations  of 
LaPla.ce  and  other  investigators. 

In  the  preceding  calculations  we  have  supposed  that  the 
longitudes  are  reckoned  from  a  fixed  equinox,  but  LaPlace 
has  assumed  them  to  be  reckoned  from  the  movable  equinox. 
This  is  effected  by  multiplying  c  by  a  factor  /,  in  which  / 
differs  from  unity  by  the  ratio  of  the  motion  of  the  equinox 
to  the  moon's  mean  motion.     The  numerical  value  of  f  is 


(87') 


/=  1.00000281)'.)  7.".: 


and  in  all  the  numerical  calculations/  is  put  equal  to  unity. 
LaPlace  has  taken  the  sum  of  the  masses  of  the  earth  and 
moon  for  the  unity  of  mass,  so  that  we  shall  now  put  fi  :=  1 ; 
and  has  correctly  given  the  differential  equation  of  the  lati- 
tude in  [5347  »«],  Bowditch  Mec.  Gel.,  as  follows  : 


(88) 
in  which 


g*+S+S2!  +  (<f-l)//Ssi,i/c  =  0; 


(89)  m  =  (ap  —  i  wj>)  If  sin  /.  cos  x 

according  to  LaPlace's  notation,  and  the  term  (gr — 1)  H 
sin  fv  arises  from  the  earth's  indirect  action,  or,  in  other 
words,  it  is  the  sun's  action  as  modified  by  the  earth's  oblate- 
ness.  It  was  calculated  by  assuming  that  the  inequality, 
arising  from  the  earth's  figure  is  equal  to 

(90)  Ss  =  H  sin  fv 

and  is  therefore  of  the  order  of  the  product  of  the  disturbing 
functions  due  to  the  earth  and  sun. 


The  general  integral  of  equation  (88)  being  denoted  by  '5s, 


is 


~+((f-l)H 


sin  fv. 


(91) 


/2-l 

If  we  put  this  equal  to  the  assumed  value  of  <?s  we  get  the 

equation 

I'm. 

I)  II 

sin/c  =  i/sin/c.  (92) 


2m  , 

„,  +  (.'/- 


f—  1 

Now  if  we  omit  the  factor  sin  fv,  and  multiply  by  f-  —  1=0, 
we  get 

2//! 


2     ,  +  (7-  —  1 )  II  =  0,  and  H=  — 

a-         ■  ,,-(,,- 


1) 


r.»:i) 


which  is  the  value  of  H  given  by  LaPlace,  Mec.  Cel.  [5350]. 
But  if  we  substitute  this  value  of  H  in  equation  (91)  it  be- 
comes 


0    ■     * 

us  =  -  BlQfV 


(94) 


an  equation  which  is  satisfied  by  all  values  of  os  ;  or,  in  other 
words,  the  value  of  'S.s  is  indeterminate.  Moreover,  if  we 
substitute  the  same  value  of  //  in  the  differential  equation  (88) 
it  becomes 


dds   , 

ih- 


(95) 


the  integral  of  which  is 

s  =  rsin(c  —  Si)  (96) 

as  in  equation  (60')  corresponding  to  the  elliptical  motion ; 
therefore  <5s  =  0.  This  is  as  it  should  be,  because,  if  the 
earth's  direct  action  on  the  moon  is  equal  and  contrary  to  its 
indirect  action,  there  would  be  an  equilibrium  between  the 
forces,  and  no  perturbation  should  result. 

Suppose  now  that  we  omit  the  term  (</-' —  1 )  //  in  equation 
(88),  we  then  have 


''''•s'    ,        i    c  '"    •     - 

— -^  +  s  +  2  -„  sin  fv  =  0 

ilr-  a- 


(97) 


arising  from  the  earth's  action  alone.  The  general  integral 
of  this  equation  is 

8s  =  ^-r)sinfv  =  fsinfv  (98) 

which  is  infinite  and  positive,  and  indicates  a  repelling  rather 
than  attractive  force  arising  from  the  protuberant  matter  at 
the  earth's  equator. 

16  In  order  to  explain  these  very  curious  results,  we 
shall  observe  that  they  arise  from  the  fact  that  the  general 
formula  of  integration  fails  in  the  case  where  f=l.  LaPlace 
has  noticed  this  circumstance  in  Mec.  Cel.  [871"]  and  has 
conformed  to  this  restriction  in  all  parts  of  the  Mecanique 
Celeste  except  in  the  "  Theory  of  the  Moon." 

Now  the  correct  integral  of  equation  (88)  is 
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ds  =  —  i  "'.  siafv  +  "',  v  cosfv  —  \  (gr—  1 )  Hsmfv  +  \  (jr  —\)H  v  cos/u  : 


(99) 


the  first  two  terms  of  which   arise  from  the   earth's  direct 
action,  and  are  the  same  as  before  found  in  equation  (71  )  ; 


and  if  we  substitute  // : 


i    ,  in  the  last  two  terms  of  (  99  ) 
ar 


we  shall  obtain  the  effect  arising  from  the  earth's  indirect 

action,  very  nearly. 

17  We  shall  now  examine  LaPlai  e's  calculation  of  the 
inequalities  of  the  radius-vector  and  of  the  longitude  ;  and  for 
this  purpose  shall  employ  equations  (53,  54).  These  equa- 
tions contain  d/.\  in  which  the  symbol  il  refers  only  to  the 
coordinates  of  the  moon.  It  is  therefore  necessary  to  have 
expressions  for  these  coordinates,  since  their  differentials 
enter  into  the  expression  for  ilA'  according  to  equation  (57). 

Now  if  we  suppose  the   moon   to   move    in   a   pure   elliptic 
orbit,  equation  (57)  gives  the  value  of  dR  correct  to  I 
of  the  first  power  of  the  disturbing  forces.      We  may  sup- 
pose the  latitude  in  a  pure  elliptic  orbit  to  be  given   by  the 
equation 

(100)  So  =  ?  sin  (r„  —  ft,,) 

in  which  ;  and  ft  are  constant  and  denote  the  tangent  of 
the  inclination  of  the  moon's  orbit  to  the  ecliptic,  and  the 
Longitude  of  its  ascending  node,  respectively;  while  »-,  de- 
notes the  undisturbed  longitude.  Now.  by  reason  of  the 
sun's  attraction,  the  nodes  of  the  moon's  orbit  retrograde  on 
the  ecliptic,  while  the  moon  itself  moves  at  a  different  dis- 
tance from  the  earth,  and  with  a  different  velocity  than  it 
otherwise  would.  The  inclination  of  the  orbit,  however,  re- 
mains constant.  Then,  if  in  the  movable  orbit  we  denote 
the  longitude,  latitude  and  node  by  <•.  s  and  ft.  we  shall  hat  e 

(101)  ,s  =  ;sin  (>  —  ft) 

in  which  ft  is  variable. 

Now  LaPlace  supposed  that  the  theory  of  the  moon's  mo- 
tion could  be  more  advantageously  treated  by  referring  the 
coordinates  to  the  disturbed,  rather  than  to  the  undisturbed, 
orbit.  He  therefore  made  use  of  equation  (101)  and  sup- 
posed that 

(102)  R  =  &o—  (9—  1)1) 

in  which  (g — 1)  v  denotes  the   retrograde    moti f    the 

nodes,  and  equation  (101)  becomes 

(103)  s=  r  sin  (gr  —  Q,„). 

IS  It  is,  however,  a  curious  fact  thai  the  latitude  of  the 
moon  in  the  disturbed  orbit  is  the  same  us  it  would  h<n-f  been 
in  tin-  undisturbed  orbit,  in  so  far  as  tin-  mean  motion  of  the 
nodes  affect  that  coordinate.  Although  this  fact  has  never 
before  been  noticed,  it  may  easily  be  proved  as  follows  : 

The  quantity  ;/  expressed  analytically  is  given  by  the  equa- 
tion Mec.  Cel.  [o.;74] 

(104)  0=l  +  fm! 


in  which  in"  denotes  the  disturbing  function  arising  from  the 
suu's  action.  Now  the  relation  between  the  mean  distances 
in  the  disturbed  and  undisturbed  orbits  is  expressed  by  the 
equation  Mec.  Cel.  [4968,  5091] 


">•="  P  —h"^\ 


(  1 05 ) 


in  which  <<„  denotes  the  undisturbed  mean  distance.      We  also 
have,  Mec.  Cel.  [5092] 


^  =  «^i +  >,„-; 


(106) 


in  which  u  denotes  the  mean  motion  in  a  unit  of  time.  The 
mean  motion  at  the  distance  ",.  when  subject  to  the  same  dis- 
turbance would  lie  expressed  by  the  equation 

l=ao*ll+im*l-  (107) 

If  we  substitute  the  value  of  n„.  given  by  equation  (105), 

in  ( L07)  w- 

Ui^l-f^rjji-j  mr\=a*\\—  ±m2\.      (108) 
Dividing  equation  (106)  by  (108)  we  \ 

n«-n\\+\       ;  (109) 


and  since  <•,,  =  uj  and  <•  =  //'.  we  shall  evidently  have 

Vli  =  v\l  +  lmr\=gv  (110) 

and  this  substituted  in  (103)  gives 

?=;  sin  (''„—  ft(l)=x„  (HI) 

the  same  as  equation  (  100). 

1!)  We  shall  now  give  LaPlace's  computation  of  d/s\ 
Equation  (103)  gives 

ils=  ;•;/(//■  cos  (;/('  —  ft,,)  (1  12) 

and  if  we  refer  the  forces  to  the  movable  orbit   and  equinox» 
equation  (16)  will  become 

ill  III 

li=2    _,,ssin_rV=    _,  ;■  cos  (gv — fv —  ft0)      (113) 

retaining  only  the  term   depending  on   the  longitude   of  the 
node.      Equation  (113)  gives  by  differentiation 

=  2  ~fscoafv  =  ~fy  sin  (gv  -fv  —  «0)        (114) 

©  =  •?**  <»*> 

Now  since  dr  =  0,  we  need  only  equations  (ill.  L15)  to 
determine  d/i'.  If  we  therefore  multiply  (114)  by  dr  and 
(11.".)  by  ds  =  ■■  gdv  COS  (gv  —  ft„1 .  and  take  the  sum  of  the 
products,  we  get 

d2J=—  ~  y(g—  f)dv  sin  (gv  -/«  —  »,)         (116) 
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noticing  only  the  term  depending  mi  the  angle  </'•  — fv  —  Sin- 
This  gives  by  integration 


(117) 


fan 


-  ;  COS  I;/''  —  fv  —  &„). 


This  is  equal  to  the  value  of  R  in  equation  (113)  ;  and 
hence  LaPlace  says  ■•This  term  of  <'U  gives,  in /3AR,  an 
expression  exactly  similar  and  equal  to  SR,"  Mec.  <  'el.  [5363]  . 
■'!/'  taking  the  place  of  I!  in  the  notation  of  this  article. 

Now  equation  (1 13)  gives 

(us)      *($£)=  -*?r<*»(9»-f»-a*) 

and  if  we  substitute  this  and  (117)  in  (53)  we  get,   remem- 
bering that  ti'ir  =  :>  =  1,  and  r  =  a, 

ddSr  ,    „  hi  _  , 

(119)  rr+Sr—a     ,YOos(gv—fo  —  Q„). 

dir  ar 

This  is  only  one-third  of  the  corresponding  term  in  equation 

(65).     [f  we  now  substitute  CAR  and  |    .    I  in  equation  (54) 

\drj 

we  get 


(120) 


dSv  =  —  3    ..  ydv  cos  [gv  — fv  —  Q,„) 


as  in  Mec.  Gel.  [5368]  :  and  this  is  only  one-half  the  value 

found  for  this  term  in  equation  (ti'i)- 

20  We  have  seeD  that  AR  =  0,  in  the  undisturbed  orbit, 
in  so  far  as  the  terms  depending  on  the  longitude  <>f  the 
node  are  concerned;  as  is  evident  from  equations  (62)  ; 
and  we  shall  now  show  that  it  is  also  equal  to  nothing  in  the 
disturbed  orbit.     For  we  have  by  means  of  equation  (111) 

(120')  ds  =  ds„  =  rgdv  cos  (grw  —  &„) 

so  that  the  term  depending  on  f    —  j  is  the  same  in  both  cases. 
But  when  we  use  the  above  value  of  '/■•>•,,.  the  differentia]  of 


the  independent  variable,  do  corresponds  to  the  disturbed 
orbit  ;  and  in  order  that  the  same  unit  of  measure  may  be 

used  in  the  other  term,  (  — —  J,  we  must  substitute  </r(,  =  gdv, 

as  is  evident  from  equation  (1 10),  and  then  we  shall  get  from 
equation   (27)   AR  =  v,  and  also  JAR  =  0.     Therefore    if 

we  substitute  /'d/i'  =  0,  in  equations  (j.'i,  54),  and  r  ( —  J 
(118)  we  shall  get 

-r-3-  +  '"'  — ■  "    o  r  cos  (v  —  fi>  —  Sin) 

ill"  ir 

il'r  =  —  (i     .,  /  dv  eos  (ijr  — fv  —  Q,,,) 

which  are  the  same  as  the  corresponding  terms  of  equations 
(65)  and  (69). 

21      We  have  thus  shown  that  AR  =  0  in  the  disturbed 

orbit  by  following  LaPlaCe's  method  of  investigation  ;  but  we 
may  prove  the  same  thing  in  a  much  more  elegant  manner. 
as  follows  :      Take  equation  ( 1 13) 


(121) 


R 


in  r, 

y  cos  (;/(•  — fv—  },&„). 


(122) 


In  this  equation  the  angle  gv  — fv  —  &„  's  nothing  more  than 
the  negative  of  the  longitude  of  the  node  in  the  disturbed 
orbit,  referred  to  the  movable  equinox,  as  is  evident  from 
equation  (  102)  ;  we  therefore  have 


R  =  -..  y  c<  is  SI 


(123) 


And  as  this  value  of  R  is  not  a  function  of  the  moon's  longi- 
tude or  latitude,  we  shall   have 


/dR\ 
\dv)'- 


an 


=  0 


and  as  dr  =  0,  equation  (57)  gives  at  once 
AR  =  0. 


(121) 


125) 


ON    THE    Xi:\V   VARIABLE   IN    SAGITTARIUS. 

l,s"   14™  2-:  — 18°  54'.8    (1875.0) 
15y    EDWIN   F.    SAWYER. 


From  a  discussion  of  my  observations  of  the  above  variable 
extending  from  September  22  to  November  19,  1886  (the  dis- 
covery of  which  was  communicated  in  No.  145  of  this  Journal), 
I  have  determined  the  following  provisional  elements,  sub- 
ject to  a  revision  from  a  more  extended  series  of  observations  : 
M  =  1886  September  24.83  (Camb.  M.T.)  +5d.75  E 
Duration  of  increase       =       ld.80 
"  "  decrease      =       3  .95 


Limits  of  variation 


Maximum      L=11.8  =  5M.6 


f  Ms 

'(  Mi 


Minimum        L  =     1.8  =  6    .6 


The  following  observed  times  of  maxima  and  minima  have 
been  determined  by  applying,  to  the  times  of  each  observa- 
tion of  the  variable,  the  correction  indicated  by  the  compari- 
son of  its  observed  light  with  the  mean  light-curve  readings 
given  below.  Values  of  L  >  6  were  used  for  determining 
maxima,  the  others  for  minima.  The  number  of  observa- 
tions for  deducing  each  phase  are  used  in  denoting  the  weight 
of  the  observation. 
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Observed  Maxima. 

Ciiinb.  M.T.  \\t. 


0 

1 

2 
4 

5 
7 
8 
9 
Ill 


1886  Sept. 

Oct. 


Nov. 


24.83 

30.72 

6.33 

17.83 
23.58 
4.08 
9.83 
15.58 
21.33 


o-c 

+0?23 
+6.15 
— 0.08 
— (1.21 
+0.27 
—0.18 
+0.1;i 
-11.22 
+0.92 


0 

1 
2 
3 
4 
5 
7 
8 
9 
10 


Observed  Minima. 

Camb.M.T.  Wt.  O  — C 

18X6  Sept.  23.03  1  —0.70 

28.92  1  +0.38 

Oct.      4.53  1  +0.09 

10.28  1  +0.24 

16.03  1  +0.23 

21.78  3  —0.12 

Nov.     2.28  2  +0.15 

x.(i3  2  —0.28 

14.70  1  +0.46 

19.53  2  —0.08 


The  limited  series  of  observations  furnishes  the  following 
first  approximation  to  the  light-curve  :  — 


Before  Maximum. 


d 
—2.0 
—1.5 
—1.0 


L  =  1.8 

L=  2.o 
L  =  4.8 


d 

—0.5 
—o.o 


L  =  11.4 
L—  11.x 


Cambridgeport,  1886  December  13. 


After  Maximum. 


d 

0.0 

+0.5 

1.0 

1.5 

2.0 


L  = 
L  = 
L  = 
L  = 
L  = 


11.8 

11.4 

9.6 

7.9 

6.4 


d 

2.5 
3.0 
3.5 
4.0 
4.5 


L  =  5.0 
L  =  3.2 
L  =  1.8 
L=  1.8 
L  =  2.9 


The   light-curve  exhibits  a  uniform  and  rather  rapid  in- 
crease, and  a  uniform  and  somewhat  slow  decrease. 


EPHEMERIS   OF   THE   COMET   1886  /  {BARNARD,  OCT.  4.) 

(Continued  from    No.    147.) 
For    Greenwich    Midnight. 


188G-7 

a 

8 

logr 

log  A 

L 

1887 

a 

8 

logr 

log  A 

L 

Dec.  27.5 

h        ni       a 

19  12  10 

+  6  37.6 

9.8465 

0.1165 

13.1 

Jan.   17.5 

h        m        s 

32  52 

o       1 

—  4  20.7 

28.5 

1 7  35 

5  59.3 

18.5 

35  35 

4  45.0 

29.5 

22  47 

5  21.6 

19.5 

38  14 

5    8.2 

30.5 

27  46 

4  44.5 

20.5 

40  49 

5  30.9 

9.9x77 

0.2722 

3.3 

31.5 

32  32 

4    8.1 

9.8656 

0.1479 

10.4 

21.5 

13  22 

5  53.1 

Jan.     1.5 

37    8 

3  32.4 

22.5 

45  51 

6  11.7 

2.5 

41  34 

2  57.3 

23.5 

48  17 

6  35.8 

3.5 

45  50 

2  23.0 

24.5 

50  1" 

>;  :,6.4 

0.0122 

o.2926 

2.7 

4.5 

49  56 

1  49.4 

9.8878 

0.1774 

x.2 

25.5 

:,:;     1 

7  16.6 

5.5 

53  54 

1  16.6 

26.5 

55  19 

7  36.3 

6.5 

19  57  44 

0  44.6 

27.5 

57  3  1 

7  '>■>.'> 

7.5 

20    1  25 

+  0  13.2 

28.5 

20  59  47 

8  14.2 

0.035:' 

0.3o:>7 

2.2 

8.5 

4  59 

—  0  17.3 

9.9120 

0.2048 

6.4 

29.5 

21     1  58 

8  32.7 

9.5 

8  27 

0  47.2 

30.5 

1     7 

8  50.6 

10.5 

11  4!) 

1  16.4 

31.5 

6  14 

9    8.3 

11.5 

1 5    5 

1  44.7 

Feb.     1.5 

x  19 

9  25.5 

0.0588 

0.3251 

1.9 

12.5 

18  14 

2  12.5 

9.9372 

0.2300 

5.1 

25 

10  22 

9  42.4 

13.5 

21  19 

2  39.5 

12  23 

9  58.9 

14.5 

21  20 

3    5.9 

4.5 

14  22 

10  15.1 

15.5 

27  14 

3  31.5 

5.5 

21  16  20 

—10  31.0 

0.0XO7 

0.3390 

1.6 

16.5 

20  30    5 

—  3  56.6 

9.9626 

0.2529 

4.1 

Comparison  with  Prof.  Frisby's  obs.  of  Dec.  10  gives  as  the  correction  to  this  ephemeris  at  that  date  :  A«  =  —  3'.4,  Ac'  =  +  7'' 


NOVA  OR  1  OX  is. 

By  HENRY  M.  PABKH1  KM' 
This  star,  discovered  by  Gore  in  December.  1885,  nearly 
as  bright  as  6M,  diminished,  according  to  my  photometric 
measurements,  nearly  to  the  10M  before  the  end  of  April, 
when  it  was  lost  in  the  sun's  rays.  When  I  next  saw  it,  on 
October  22,  it  was  brighter  than  in  April ;  yet  I  did  not  an- 
ticipate any  further  increase  in  brightness,  and  did  not  look 
for  it  again  until  November  20,  when  the  change  was  marked. 


and.  in  view  of  all  precedent  with  regard  to  iu\v  stars,  sur- 
prising. Since  that  time  I  have  observed  it  on  every  clear 
evening  with  the  results  given  in  the  appended  table.  In  the 
preliminary  reduction,  the  brightness  of  D.M.  20°,  1156  is 
assumed  as  6M.57  :  and  the  other  eight  comparison-stars  were 
determined  by  the  ratio  2.512. 
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Oct.    22 

9.21 

Deo. 

3 

6.83 

Nov.  20 

7.13 

7 

6.52 

21 

6.81 

8 

6.32 

26 

6.91 

9 

6.47 

27 

6.72 

10 

6.38 

28 

6.90 

11 

6.42 

29 

6.88 

it; 

6.60 

Dec.     2 

•6.61 

19 

7.12 

New  York.  1886  December 

20. 

Each  observation  depends  upon  at  least  four  extinctions  of 
the  variable,  with  two  or  more  of  each  of,  from  twotoseveD, 
comparison-stars.  In  the  later  observations,  the  uncertainty 
of  the  amount  of  the  correction  for  the  effect  of  the  illumina- 
tion of  the  full  moon  upon  the  scale  of  the  wedge,  leaves  the 
time  of  the  maximum  somewhat  uncertain,  but  it  has  certainly 
passed. 


OBSERVATIONS   OF   COMETS 

HADE    WITH    THE    9.G    INCH    EQUATORIAL    AT    THE    U.S.    NAVAL    OBSERVATORY 

By  Prof.  E.   FEISBY. 
((  ommunicated  by  the  Superintendent.) 


1886     Washington  .Ml'. 

* 

No. 

^~ 

-  * 

^/'s  apparent 

log 

pA 

Colli  pS. 

la 

/S 

a 

6 

for  a 

ior<J 

COMET  1886  e  (FIX/. A  V.) 

Oct.    21 

h       m       ■ 

7  46   16.2 

1 

1  .  1 

-l"  L20 

1        II 

—  3    16.1 

h          in         . 

18   16     4.60 

o        I        n 

—26  33  55.0 

9.623 

0.828 

22 

6  50  23.5 

2 

25  .  •"- 

-f-1   53.20 

+  1     2.7 

18   19  28.42 

26  31   52.2 

9.515 

0.864 

23 

7  12  58.5 

3 

15  .  3 

-j-1    14.58 

+  9  37.(1 

18  23     7.34 

26  29  19.7 

9.559 

0.853 

Nov.  18 

7  56  34.3 

4 

20  .   1 

—0  26.00 

—  8   12.7 

20   12     5.47 

22  36  54.7 

9.605 

0.823 

19 

6  10    18.2 

•> 

20  .  1 

+  1     1.06 

—  2     1.8 

20   16  28.15 

22  20  46.6 

9.360 

0.871 

26 

6  50  56.7 

6 

20  .   1 

+4   44.4C 

+  3  19.3 

20  -"itt  31.00 

l'ii     0  35.8 

9.460 

0.851 

•J  7 

6  37     1.6 

i 

20  ,  1 
CO 

—ti  52.06 
MET  1886/ 

-f-  3  30.3 
(BARNAR 

20  55  26.02 
D,  OCT.  4.) 

-lit  38  24.9 

9.410 

0.856 

Nov.     1 

17   11    14.2 

8 

25  .  5 

—1     0.33 

—  9  24.5 

11   50  55.51 

+  6  46  20.2 

n9.591 

0.703 

3 

17  34  45.1 

'.) 

•i'l  .  4 

+3  44.42 

+10   11.2 

11    58   4  7..".:; 

7  25     1.9 

«9.566 

0.694 

Dec.     1 

17  41     0.9 

10 

■J-~<  ,  5 

—1   26.93 

—  8  37.0 

15  20   13.19 

17  53   13.2 

n9.666 

0.689 

2 

18  18  38.6 

11 

25  .  5 

+1   40.40 

—  3   10.4 

15  32     3.91 

17  58  55.8 

n9.645 

0.642 

8 

18  13  42.5 

12 

10  ,  2 

-f-1  30.27 

—  3   14.2 

16  39     1.82 

17   17   11.2 

n9.673 

0.686 

8 

18  13  42.5 

13 

s  .  •_' 

—0  36.77 

+   1    54. 7 

16  39     2.36 

17   17   11.3 

9 

is     8  39.8 

14 

25  .  .". 

— 0     4.96 

—  8     4.2 

9 

18  21      1.3 

15 

15  ,  3 

—0  37.04 

—  3  33.9 

10 

18  12  13.8 

it; 

20  ,  4 

-f-1  33.14 

—10  13.7 

17     0  29.68 

-f-16  35  35.3 

n9.677 

0.701 

Adopted    Mean    Places  for    1886.0  of  Coi 

nparison- Stars. 

* 

Red.  to 

S 

Red.  to 

a 

app.  place 

app.  place 

Authority 

h      in 

s 

o          1          H 

1 

18   17      1.05 

+1.7:. 

—26  30  16.9 

+  8.0 

Yaraall 

2 

18  17  33.52 

1.70 

26  33     2.6 

7.7 

',(•.'  Varnall  +  Arg.) 

3 

is  21   51.08 

1.68 

26  39     4.4 

7.7 

M  Varna  11  +  Arg.) 

4 

20  12  l'ii. 7."i 

1.72 

22  28  54.0 

12.0 

i(A.rg.  +  Lamont) 

■  > 

20   L5  25.37 

1.72 

22   is  53.9 

12.1 

Oe.Arg. 

6 

20  45  44.81 

1.73 

20     4     8.2 

13.1 

<  (t'.Arg. 

i 

l'ii  56   16.31 

1.77 

—  19  42     8.0 

+12.8 

Oe.Arg. 

8 

11  .".1   54.80 

1.04 

+  ti  55  53.8 

—  9.1 

l,  Weisse  +  Schj.) 

9 

11   55     1.85 

1.06 

7   15     0.0 

9.3 

Am.  Ephem. 

10 

15  22     9.52 

0.60 

is     i    52.8 

2.6 

Weisse 

11 

15  30  22.92 

0.59 

18     2     8.3 

—  2.0 

WeiSSe 

12 

16  37  31.02 

0.53 

17  20  21.9 

+  3.5 

W.B.  XVI  1128,9 

13 

16  39  38.60 

0.53 

17   15  12.9 

3.7 

W.B.  XVI  1205-8 

14 

DM.  17°,  3119 

15 

DM.  17°,  3117 

16 

16  55  55.94 

+0.60 

+16  45  44.1 

+  4.9 

W.B.  XVI  1648,  77,  8, 

9 

The  right  ascension  of  W.B.  XVI  1648  is  50'  too  small.     The  star  is  the  same  as  1677-79. 
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OBSERVATIONS   OF    U  OPHIUCHI,    1886. 

By    EDWIN   F.    SAWYER. 


Only  four  minima  of  this  star  wore  observed  during  the 
year.  Argelander's  method  has  Keen  employed,  as  usual, 
in  deducing  the  observed  times  (first  column),  using  the 
mean  light-curve  formed  from  the  1883  observations. 


The  observed  times  of  minimum,  so  found  and  given  in 
the  following  table,  have  been  compared  with  the  elements 
given  by  Chandler  in  Astr.  Nachr.  1448. 


rved  Minimum, 

Light 

Heliocentric 

Comp.  Time  from 

o— c 

Camb.  M.  T. 

Equation. 

Observed  Time. 

Epoch. 

Chandler's  Elements. 

1886.        d       h        in 

m 

d       h        m 

d       h        m 

m 

.Tune  30  11     2.5 

+  7.2 

June  30  11     '.'.7 

21  .".7 

June  30  11  23.5 

—13.8 

JuljJ    21    10   l.")..". 

+5.7 

July  21  10  21.2 

2182 

July  21  10  35.8 

—14.0 

Sept.-.' 2    8    5.5 

—  1.7 

Sept.  22    8    3.8 

227.7 

Sept.  22    8  12.8 

—  9.0 

Oct.      8     7     0..". 

— ;;  6 

Oct.      8    6  56.9 

2276 

Oct.     8     6  .".4.4 

+  2.5 

Mean  correction  of  Chandler's  elements,  indicated  by  these  observations. 
Cambridgeport,  1886  December  8. 


-8"\7.  corresponding  to  the  mean  epoch  2218. 


OX  A   NEW    SHORT-PERIOD   VARIABLE    IX    CTGNUS. 


Nearly  a  degree  and  a  half  north-preceding  the  known 
variable  T  Cygni  is  a  pair  of  stars.  14'  distant  from  each 
other,  forming  a  coarse,  naked-eye  double.  Both  of  the 
components  are  ordinarily  at  the  extreme  limit  of  visibility. 
without  optical  assistance,  when  the  sky  is  dark  and  clear; — 
that  is  from  6.6  to  6.8  magnitude.  On  October  •">  last  I  esti- 
mated the  north-following  component  to  be  the  brighter  by 
two-tenths  of  a  magnitude;  but  on  November  22  it  was  dis- 
tinctly fainter  by  about  the  same  quantity.  A  relative 
difference  of  four-tenths  of  a  magnitude  is  too  large  to  ad- 
mit of  mistake  in  properly  made  comparative  estimates,  and 
a  few-  nights  sufficed  to  establish  the  variability  of  the  north 
following  component.  From  a  careful  examination  of  my 
observations  to  this  date  the  range  of  variation  appears  to  be 
from  (!*..'!  to  7M.6,  and  the  period  a  trifle  oyer  fourteen 
days.     The  elements 

1886  (let.  3.40  (Cambridge  M.T. )  +  14'.04  E 

will  probably  prove  to  be  very  near  the  truth.      Possibly  the 
.second  decimal  of  the  period  may  require  a  slight  change. 

Cii mliriihjf,  l.s-sr,  l>,rrW!,i'r  l.'i. 


20      17°    i3  .7:  +  3o°  4'  3"    (1855.0) 

By  S.  C.  CHANDLER.  Jr. 

The  increase  of  light  occupies  about  four  days  :  the  decrease, 
ten  days,  with  a  halt  in  the  latter  about  midway  of  its  course. 

Some  difficulty  has  been  experienced  with  the  comparison- 
stars,  having  its  origin.  1  think,  in  the  variability  of  one  of 
them.  The  publication  of  the  list  is  therefore  reserved  until 
a  more  satisfactory  scale  can  be  formed,  and  doubtful  points 
settle  1 . 

The  position  of  the  variable,  by  various  authorities,  is 


a         187S 

.0          § 

1.1.  tons;;                    -jo'' 

38 

30-.2O 

+35°  8'  24  ".6 

Bessel;  W.  1276 

30  .24 

11   .3 

Leyden  Zones 

30.64 

18  .4 

Armagh  (2d)  2695 

30  .60 

18  .2 

AdoptedPlace  (1875.0)  20  38  30.6  +35    8  18 

corresponding  to  the  place  for  1855.0  given  at  the  head  of 
this  article.  It  may  be  worth  while  to  add  that  the  star  has 
a  9*  companion,  10*. 7  following,  and  1' 43"  south,  whose 
declination  in  Weisse's  Bessel  is  2'  too  great. 


C  O  N  T  E  X  T  S  . 

Analytical  Determination  or  the  Inequalities  in  the  Moon's  .Motion  Arising  from  the  Oblateness  of  the  Earth,  my  Prof. 

John   N.  Stockwell.     Part  III. 
•On  the  New  Variable  in  Sagittarius,  by  Mi:.  Edwin  F.  Sawyer. 
Efbemeris  of  rni'.  Comet  1886/ [Barnard],  by  Mr  s.  C.  Chandler,  Jr. 
Nova  Ohioxis,  By  Mr.  Henry  M.  Parkhurst. 

Observations  of  Comf.ts  at  the  U.S.  Naval  Observatory  by  Prof.  E.  Frisby. 
Observations  of   U  Opbiuchi,  1886,  by  Mr.  Edwin  F.  Sawyer. 
Ox  a  New  Short-Period  Variable  in  CYQNUS,  by  Mr.  S.  C.  Chandler,  Jr.. 
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ON   THE   STELLAR   SPECTRA   OF   CLASSES   I.  c  AND  II.  b. 


By  ORRAY  T.  SHERMAN. 


It  is  customary  to  consider  those  spectra  which  exhibit 
bright  lines,  as  divided  into  two  classes.  The  one  is  repre- 
sented by  fi  Lyme  and  y  Cassiopeae,  in  which  the  hydrogen- 
lines  are  distinctly  visible,  and  the  other,  represented  by  the 
Wolfe  and  Rayet  stars,  in  which  arc  bright  lines,  not  yet 
recognized  as  of  hydrogen,  and  also  dark  lines.  The  stars 
in  question,  however,  are  no  longer  sharply  divided  by  this 
classification.  Both  fi  Lyrae  and  y  Cassiopeae  show  at  times 
a  spectrum  containing  both  bright  and  dark  lines'11  ;  and  the 
bright  lines  of  the  stars  of  the  Wolf  and  Rayet  class  prob- 
ably belong  to  the  low-excitation  spectrum  of  hydrogen  and 
the  high-excitation  spectrum  of  oxygen ;  a  combination 
which  is  also  found  in  the  spectrum  of  jS  Lt/raevn.  To  dis- 
play the  evidence  for  this  is  the  object  of  the  following  table. 
In  the  first  column  are  given  the  recorded  wave-lengths  of 
the  lines  in  question.  When  circumstances  have  permitted, 
these  are  referred  to  the  same  line,  and  the  mean  of  the 
single  observations  is  placed  in  the  second  column  under  the 
head  "Accepted  approximate  value."  The  third  column 
contains  wave-lengths  of  prominent  low-excitation  hydrogen 
lines,  as  given  by  Hasselberg  in  his  latest  memoir'3'.  The 
fourth  column  adds  the  relative  intensities  of  these  lines. 
The  fifth  and  sixth  columns  give  the  wave-leugths  and  inten- 
sities, for  lines  from  the  high  excitation  oxygen  spectrum  as 
given  by  Schuster*4'.  A  glance  will  show  that,  excepting 
the  intense  band  in  the  blue,  and  perhaps  a  single  line  in  R 


Geminorum,  all  the  lines  in  the  stellar  spectra  are  very  near 
either  to  single  intense  lines  or  to  a  number  of  lines  of  mid- 
dling intensity  in  the  hydrogen-spectrum  ;  while  to  the  blue 
band  no  less  than  eleven  intense  lines  in  the  oxygen  corre- 
spond. Under  the  dispersion  generally  employed  in  faint- 
star  spectra,  the  single  lines  would  not  be  distinguished. 

The  combination  of  low-excitation  hydrogen  and  high- 
excitation  oxygen  in  a  single  spectrum  may  excite  criticism, 
yet  examples  will  not  be  wanting,  and  it  has  a  physical  sig- 
nificance.  As  unwonted,  also,  is  the  admission  of  varying 
relative  intensity  in  lines  of  the  same  chemical  origin,  under 
the  range  of  circumstances  implied  in  the  identical  stellar 
spectrum  ;  but  examples  are  numerous,  and  the  explanation  is 
probably  very  simple.  It  will  be  considered  more  fully  when 
discussing  comet-spectra. 

We  may  suggest  that  the  difference  between  these  two 
classes  of  stars  lies  essentially  in  the  intensity  of  the  interit  >r 
light,  in  the  intensity  of  atmospheric  electrical  excitation, 
and  perhaps  in  the  greater  chemical  complexity  of  that  at- 
mosphere. 


(i) 


(2) 

(3) 
(4) 


Vockl,  Bolhkamper  Beobachtungen,  Heft  II.,  p  229. 

E.  Von  Gothard,  Astr.  Nachr.  2539,  2581. 

HUGGIN6,  Report  of  the  British  Association,  1868,  p  157. 

Shermax,  American  Journal,  Vol.  XXX.,  ami  many  unpuMisf  ed  observations. 

Shekman,  American  Journal,  Fel>.  l*s7. 

Academia  Petropolitana  (series  VII.)  Vol.  XXX. 

Transactions  of  the  Royal  Society,  1880. 


Observed  Values  of  Wave-length 

Accepted 
approx. 

Compared  Spectra 

Ha 

value 
Ha 

Hydro 

*en 

i 

Oxyg 

en 

i 

602  ±  L,  604i2 

603. 

605.2 

4 

603.1 

6 

592.0 

4 

590  ±  d 

590.± 

591.5 
590.9 

4 
2-3 

A  band  from  about  585  to 

587.1 

4 

580fc 

586.8 
583.5 

4 
4 

583*,  5.826,  582. \k,  582c 

582.4 

582.2 

3-4 

581/i,  580.56,  581.R,  580.9a\  580.5c,  580.9e,  581& 

580.8 

581.2 

6 

579.5a,  5786 

578.7 

578.5 

4 

575.3/ 

575.3 

575.7 

3-4 
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Observed  Values  of  Wave-length 
Ha 


;,:■:,,/ 

571a,  5706 

5696,  569c,  569. 2e,  5686 

567.5a,  567c,  566. 8d 

5637? 

5596 

5527? 

54  5  A; 

.",11./.  540/t,  540A- 

538c 

536a,  5366,  5366 

5277? 


5177? 

493*7? 

486a, k 
4827? 


472*7? 

A  baud  from 

470a,  4696,  468c,  470A-,  473A.- 
to 

465a,  4666,  461c,  461ft,  467A- 

or 
described  as  (a)  ilsehr  hell  und  sehr  breit,  etwas 
verwascJien  nach  dem  moleU" 
or  (b)  kiMitte  eines  hellen  Streifens" 


468a,  4676.  407. 5c,  469A 
465.5ft,  466/i 

4646,  464.6a-,  465.1e 


463. 6gr,  463.3/ 
4607? 


Accepted 

Compared 

Spectra 

approx. 

. 

value 

Hydrogen 

Oxvgen 

Ha 

X           i    \ 

/.   " 

i 

573.5 

4 

573. 

572.'.) 
572.6 

4 
4 

570.5 

570.2 

3 

568.8 

568.8 

4 

567.1 

567.1 

2 

563. 

5G3.3  |    3 

559. 

5  .V.I.  5 

3-4 

552. 

553.6 
551.7 

4 
2-3 

545. 

543.4 

3-4 

540.3 

540.0 
539.8 

2 
2 

538. 

538.7 

4 

538.6 

2 

* 

536. 

537.2 
536.5 
536.6 

2 
2 
2 

527. 

527.2 
519.5 
518.0 

3 

3-4 

2 

517. 

517.4 

2 

517.5 

3 

515.3 

2 

515.9 

5 

514.6 

2 

514.2     2-3 

493. 

493.3       5 

494.2 

8 

493.1 

2 

4112. 3 

6 

492.7 

5 

486. 

486.0 
483.7 

2-3 

485.6 

4 

482. 

482.2 
481.3 
179.6 

2 
2 

3 

472. 

472.2 
471.8 

3 
4 

172.2 

3 

170.9 

6 

471.8 

4 

470.4 

10 

171.3 

2 

469.9 

s 

470.8 

2 

467.5 

8 

468.9 

2 

466.1 

8 

468.3 

3 

464.9 
464.8 
464.1 
463.7 
459.5 
459.0 

4 
12 

7 

6 

6 

467.9 

168.3 

3 

467.5 

8 

465.8 

166.0 
465.2 

2 

2 

164.6 

464.9 
464.8 

464.1 

8 

12 

7 

463.5 

463.3 
163.0 

462.7 

4-5 

4 
3-4 

460. 

4. V.i.  5 
458.9 

6 
6 

*  "Breit,  verwaschen,  nur  zeitweilig  siehtbar." 

The  letters  refer  to  the  stars  as  follows;  the  source  of  the  observation  accompanying  each  star. 

L  to  (i  Lyrae,  Vogbl,  Beobachtungen  zu  Bothkamp.    Heft  1.,  s  33. 

R  to  B  Geminorum.    Vogki.,  Astr.  Naehr.  Bd.  84,  No.  2000,  120. 
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to  Durchmusterung  35  .  1001  )  Vogel,  Berichte  der.  k.  Sachs.  Gesellschaft  187:!,  p  538. 

to  Durchmusterung  35°,4013  -  Vogel,  Sitzungsberic/ite  der  k.  Acad.  d.  Wissensch.  Wien. 

to  Durchmusterung  36°,3956j  Bd.  LXXXVIII.,  II.  abth.,  Oct.  1883. 

to  j  Argtts.     Copeland,  Copernicus,  Vol.  III.,  p  205. 

to  star,  a  =  lGh  4C'".7,    <i  =  —  41°  37'.5  (1883).     Copeland,  Copernicus,  Vol.  III.,  p  205. 

to  star,  a  =  1311  10">.6,    <5  =  —  57°  31'     (1883). 
g  to  star,  a  =    Sh  51"\        i  =  —  47°  8'       (1883). 

h  Oeltzen's  Argel,  17081.  )  Vogel.  Sitzungsberichte  der.  /,-.  Acad,  der  Wiss.     Wien.  Bd.  LXXXVIII. 
A-  LALANDK,  13412.  (Pickering,  Xatiirc,  Sept.  23,  1880,  April  28,  lssl. 


ANALYTICAL   DETERMINATION   OF   THE   INEQUALITIES  IN   THE   MOON'S 
MOTION  ARISING  FROM   THE   OBLATENESS   OF   THE   EARTH. 


By  JOHN   X.   STOCKWKLL. 
TART  IV. 


22  We  must  now  notice  the  effect  of  the  terms  arising 
from  the  sun's  action.  The  disturbing  function  in  this  case 
is  given  by  the  equation,  Mec.  Cel.  [5371], 

m' 


R1=- 


--(1  -3s2) 


(126) 


in  which  m  denotes  the  sun's  mass,  and  r'  its  distance  from 
the  earth.  The  variation  of  this  function  arising  from  any 
variation  of  s,  which  is  the  only  quantity  noticed  by  LaPlace, 
is  given  by  the  equation,  _l/<:/.  Cel.  [5372], 


(127) 


a%  =  «W* 


da  j  -  r 

Now  in  Mec.  Cel.  [5:171.  5376]  we  have 


(127') 


nr 


therefore  (127)  becomes 
(128)  dRl  = 


nr  I- 


I  -,s  sin  Jv. 
I3 


This  value  of  8RL  is  equal  to  the  value  of  R  or  R„  arising 
from  the  earth's  oblateness,  as  given  by  equation  (113),  and 
it  has  a  contrary  sign,  so  that  the  sum  of  the  forces  acting 
on  the  moon  in  any  direction  would  be  absolutely  zero ;  and 
therefore  if  the  sun's  action  makes  8s  =  0,  as  in  equation 
(96) ,  it  must  also  make  8r  =  0,  and  8v  =  0.  It  is  therefore 
unnecessary  to  use  equation  (128)  for  finding  8r  and  8v,  as 
it  would  simply  give  the  duplicate  of  equations  (121)  with 
contrary  signs,  and  thus  reduce  the  inequalities  to  zero. 

23  LaPlace's  remark  in  Mec.  Cel.  [5398],  that  the  in- 
equality in  the  moon's  latitude,  arising  from  the  oblateness 
of  the  earth,  is  only  the  reaction  of  the  nutation  of  the  earth's 
axis,  discovered  by  Bradley,  seems  strangely  at  variance 
with  mechanical  principles,  since  the  one  has  a  period  of  only 
twenty-seven  days  while  the  other  has  a  period  of  nearly 
nineteen  years. 

24  A  singular  fatality  seems  to  have  attended  all 
LaPlace's   efforts   to   solve    the   problem    under   consider- 


ation. As  another  example  in  which  a  very  remarkable 
result  was  obtained,  we  may  refer  to  his  calculation  of  the 
inequality  of  the  latitude,  in  the  appendix  to  the  third 
volume  of  the  Mecanique  Celeste.  He  has  there  expressed 
the  forces  in  terms  of  the  elements  instead  of  the  coordi- 
nates ;  and  the  value  of  R  is,  Mec.  Ccl.  [5962] 


m 


(129) 


which  is  the  same  as  given  by  the  first  term  of  the  second 
member  of  equation  (81)  ;  in  which  the  values  of  p  and  q 
are  given  by  equations  (78).  Now  denoting  the  increments 
of  p  and  q  which  arise  from  the  disturbing  forces,  by  dp  and 
8q  the  differential  variations  of  these  increments  are  given  by 
the  equations  (82),  or  Mec.  Cel.  [5790,  5791]. 

dqj  \dqj    (  (]30) 


(131) 


d8p  =  —  a  n  ilt 


dSq  =       mi  ilt  (  — --  ]  = 
V  dp  J 

adi 

fdR\ 

Now 

equation  (129) 

gives 

/dR' 

)  =  »•    ( 

dR\ 

m 

\dp. 

dq  J  - 

~  a3 

erefoi 

•e  equations  (lc 

0)  become 

,  Mec. 

Cel.  [a 

ddp  = 

in 

.,  dv, 

a 

dSq  = 

=  0. 

These  give  by  integration 

Sp  = 

IIIV 

8q  = 

0 

(132) 


(133) 


and  the  true  values  of  p  and  q  would  be  found  by  adding  8p 
and  8q  to  the  values  given  by  equations  (78)  ;  namely 


p  =  y  sin  Q, 


q  —  y  cos 


(134) 


If  we  substitute  these  values  of  p  and  q  in  equations  (79) 
it  gives 


(!  =  )•  sin  (y 


; )  -\ r,  v  cos  V 


(135) 
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which  is  the  same  as  in  equation  (87).  We  may  here  ob- 
serve that  the  other  term  of  (87)  arises  from  the  part  of  Ji 
in  (81)  which  has  been  neglected  here. 

Now,  although  LaPlace  gives  the  same  values  of  dbp  and 
ddq  in  Mcc.  Ccl.  [5963c,  5964,  5965]  as  we  have  given  in 
( L32),  he  yet  finds 

7YI 

5»  =  0,     andfio  = s —   —^  =  a  constant ; 

"-{'J -J) 

and  the  values  of  j>  and  q  become,  Mec.  Gel.  [5965e,  5965d] 
(135') 

p  =  -  r  sin  (f/u  -/y),     q  =  r  cos  (gv  -  fo)  -  ((,  - 

In  other  words,  although  the  quantity  }>  receives  an  incre- 
ment, it  yet  remains  unchanged  ;  while  q,  which  receives  no 
increment,  is  increased  by  a  constant !  It  is  easy  to  discover 
how  LaPlace  deduced  this  remarkable  result,  although  it  is 
difficult  to  give  any  logical  reason  for  doing  it. 

25  LaPlace  resumes  the  subject  of  these  inequalities  in 
§5  of  the  sixteenth  book  of  the  Mecanique  Celeste,  for  the 
purpose  of  carrying  the  approximations  to  a  higher  order  of 
precision  than  he  had  done  in  his  earlier  investigations.  He 
there  gives  the  following  equation  for  finding  the  inequality 
of  the  latitude 


(136) 


dcMs 


dv 


T  +  q"-8s  —  2  Ht2'D2  sin  I  cos  ;.  sin  fo  —  0 


in  which  we  have  omitted  the  terms  of  higher  order,  and  a 
is  [int  equal  to  unity.     In  this  equation 

(137)  //-'  =  -  (ap  —  ±u<f>) 

so  that  equation  (136)  may  be  written 

(138) 


~^-^r  -+-  q-os  -\-  2m  sin  fo  =  0 


according  to  the  notation  of  this  article. 

Now  the  second  term  of  this  equation  evidently  corresponds 
to  the  undisturbed  orbit,  while  the  angle  fo  corresponds  to 
the  disturbed  orbit ;  but  since  the  unit  of  measure  is  dv  in 
the  disturbed  orbit  the  longitude  in  the  undisturbed  orbit  will 
be  gv=fgdv,  as  in  equation  (110)  ;  therefore  equation  (138) 
should  be 

(139)  '^  +  g28s  -f  2m  sin  fgv  =  0 

in  which  all  the  terms  have  the  same  unit  of  measure. 

Equation  (139)  gives  by  integration,  according  to  the  gen- 
eral formula, 

„..,  ,  2m  .  2  m    . 

(14U)  Ss= -^—T—~nmJqr=    -   smfgv 

being  the  same  as  before  found  in  equation  (98). 

26  We  may,  however,  render  this  last  investigation  much 
clearer  by  taking  the  element  of  time  dt,  which  is  wholly 
independent  of  the  moon's  coordinates,  for  the  unit  of 
measure,  or  independent  variable.     We  shall  therefore  now 


examine  Pontecoulant's  solution  of  the  problem  by  this 
method. 

Pontecoulant  deduces  the  inequality  in  the  latitude  from 
the  following  equation,  Theorie  Analytique  du  Systems,  du 
Monde,  tome  IV,  §106. 

ddSz    ,    dz    ,    fdR\ 

in  which  we   have  changed  z  to  8z  to  indicate  that  it  is  a 
perturbation,  and  have  also  changed  the  sign  of  the  last  term 
in  order  that  the  forces  may  be  measured  in  the  same  direc- 
tions as  in  the  preceding  parts  of  this  paper. 
Now  we  have  already  found  in  equation  (70) 

fdli\        1  fd.R  \        2m    .     _  ,    , ,. 

in  which  we  have  put  ,«=  1  and  r=  a.  We  shall  first  neg- 
lect the  sun's  action,  and  suppose  the  moon  to  move  in  a 
fixed  ellipse  having  a  mean  distance  «0.  Equation  (141)  will 
then  become 


dddz    ,    Sz   ,    2m    .     , 

+  -  +  -„-  sin/uo=0. 


<//- 


",, 


Now  we  have 


1 


n;,    and  i\,  =  „J 


and  (143)  becomes 
ddSz 


2,r 


"n""' 


-f-  n'i^z  -| sin//;/  =  0. 


dt'      '  '       «c 

This  gives  by  integration 

-"'  •     ^  2m    .     . 

dz  =  _  sin  fnj.  =  —  sin./-,,?. 


(143) 


(144) 


(145) 


(146) 


Now  let  us  take  into  account  the  sun's  action,  in  which 
case  the  orbit  is  no  longer  fixed  in  position,  nor  has  the  same 
magnitude.  Let  the  mean  distance  in  the  disturbed  orbit  be 
denoted  by  a  and  the  longitude  by  o;  then  equation  (142) 
will  become 


<1t- 
But  we  also  have 


ddfiz    .    dz    .    2  m    .     . 

+  ~3+  —  smfv  =  0. 
a'        a* 


1 


and  v  =  nt 


and  therefore 


dddz   ,     „.     ,    2>cm   .     ,  . 

-    .,    -4-  troz  -\ sin  fnt  =  0 


and  liv  integration 


8z  = 


2,i, 


sin  fnt. 


(147) 


(148) 


(149) 


(150) 


(/*-!)« 

Suppose  now  that  we  require  the  perturbations  in  the  uu- 
disturbed  orbit  in  terms  of  the  longitude  in  the  disturbed 
orbit.  The  relations  between  «„,  a,  and  /;„.  »,  in  these  two 
cases  are  given  by  equations  (105)  and  (109)  ;  namely 

a0  =  a  {1  -i»rj,     «0  =  n\  1  +  f  m-\ .  (151) 

If  we  substitute  this  value  of  ?i0  in  equation  (145)  it  be- 
comes 
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dddz  ,.      .  2,  2)i2^l  +$vr\m 


sin/^1  -f-  a  m2^  n«  =  0 


and  this  gives  by  integration  (153) 

2  HI 


fe  = 


sin/(l  +  3,7r)[><  =  v]. 


a(l  +  i/7r)(.r-l) 
Lastly,  suppose  that  we  require  the  perturbations  in  the 
•disturbed  orbit  in  terms  of  the  longitude  in  the  undisturbed 


orbit  as  the  independent  variable. 
We  have  from  equations  (151) 


(152) 


a  =  o0jl+fm!j,     n  =  n0\l—$m2\         (154) 
and  if  we  substitute  these  in  equation  (14!))  it  becomes 


Therefore  (156) 
Sz 


'2m 


ddSz   .      ,,,       ,  __„  .     .    2»^1 


sin  / ( 1  —  |  /ft2)  [>i/  =  r„]  ■ 


sin/(  1  —  J  ///-) ;/,/  =  0. 


(155) 


a0(l  +  i»r)(/2-l) 

All  these  values  of  Sz  given  by  equations  (140.  150,  L53, 
156)  differ  from  each  other  only  by  quantities  of  the  order 
mm2 ;  but  they  all  become  infinite  by  reason  of  the  divisor 
/-  —  1  =  0,  the  same  as  (98). 

It  is  evident  that  Pontecoulant's  differential  equation 
(wi1),  page  472,  corresponds  to  equation  (  152)  given  above, 
except  that  he  failed  to  notice  that  the  angle  fnt  should  be 
changed  to/(l-|-2  m?)nt ;  and  the  same  may  be  said  in  regard 
to  LaPlaok's  investigation  in  the  fifth  volume  of  the  Me- 
canique  Celeste. 

27  To  show  the  importance  of  attention  to  these  angular 
functions  we  shall  here  observe  that  if  we  omit  the  factor  of 
t  which  depends  on  m?  in  equations  (152)  and  (155),  the 
resulting  values  of  Sz  will  have  contrary  signs.  For  these 
equations  then  become 

(157)  ^  +  «'(l  +  §  nr)  to  +  ^sin>«  =  0 

(158)  ^  +  ni(l  -  a  ,„-')  Sz  +  *^2  sin/,,/  =  0 


in  which  we  have  also  omitted  the  terms  of  the  order  mm2. 
The  first  of  these  gives  bv  integration 


=  —  *  -^_,  sin  fnt 
3  am? 


(159) 

and  the  second  gives. 

(160)  &  =  +  4_!|_sin/v. 

These  values  of  Sz  have  equal  numerical  values,  but  con- 
trary signs ;  a  result  which  might  have  been  anticipated, 
when  we  consider  the  extreme  sensitiveness  to  change,  of 
quantities  which  are  so  near  the  border-line  of  indetermi- 
natiou,  as  indicated  by  equation  (94). 

We  thus  see  that  the  consideration  of  the  sun's  action 
simultaneously  with  that  of  the  earth,  is  simply  equivalent  to 
referring  the  perturbations  to  the  disturbed,  rather  than  the 
undisturbed ,  orbit ;  and  we  have  already  seen  in  Art.  18,  that 
the  interchange  of  these  orbits  does  not  affect  the  moon's 
latitude  :  much  less  therefore  will  it  affect  the  perturbations 
arising  from  such  insignificant  forces  as  the  ones  under  con- 
sideration. 


28  Having  now  treated  the  subject-  of  these  inequalities 
so  fully,  it  seems  superfluous  to  add  anything  more  in  the 
way  of  mathematical  development.  We  may  however  re- 
mark, in  regard  to  Plana's  solution,  which  is  given  on  page 
145  of  his  Theorie  du  Mouvement  de  la  Lune,  tome  I,  that 
lie  should  have  added  a  constant  to  his  integrals  of  the  secu- 
lar terms  in  tiie  variation  of  the  elements.  Had  he  done  so, 
he  would  have  obtained  the  same  results  that  we  have  given 
in  equations  (23). 

29  As  we  have  never  made  any  computations  by  Del- 
aunay's  method  of  investigation,  we  shall  restrict  our  re- 
marks on  Mr.  Hill's  Supplement  to  Dh.uxay's  Lunar 
Theory,  to  a  discussion  of  the  results  at  which  he  arrived. 

Mr.  Hill  has  very  carefully  determined  the  coefficients  of 
something  more  than  two  hundred  inequalities  in  the  moon's 
latitude,  the  greater  part  of  which  are  very  much  less  than 
0".l.  The  most  remarkable  feature,  however,  of  these 
coefficients,  is  the  analytical  form  under  which  they  appear 
in  the  solution.  By  far  the  greater  part  of  them  have  the 
quantity  which  we  have  denoted  by  m2  for  a  divisor.  Now 
the  quautity  m2  varies  inversely  as  the  cube  of  the  sun's 
distance  from  the  earth  ;  so  that  were  the  earth  and  moon 
in  their  present  relations  to  each  other,  to  revolve  about  the 
sun  at  twice  the  present  distance  of  the  sun  from  the  earth, 
the  principal  inequality  in  the  latitude  would  be  eight  times 
as  great  as  at  its  present  distance.  The  question  then 
arises:  What  would  be  the  perturbations  of  a  satellite  of  a ' 
planet  which  revolved  about  the  sun  at  the  distance  of 
Neptune?  Were  such  hypothetical  planet,  the  earth  and 
moon  in  their  present  relations  to  each  other,  the  sun's  dis- 
turbing force  would  be  so  much  diminished  that  the  moon's 
periodic  time  would  be  shortened  about  one-ninth  of  a  day, 
so  that  the  time  during  which  the  disturbing  force  acts  in 
the  same  direction  would  be  about  86  minutes  of  time  less 
than  at  present.  It  would  therefore  be  logical  to  suppose 
that  the  amount  of  perturbation  would  be  somewhat  less 
than  at  its  present  distance.  But  Mr.  Hill's  formula  would 
make  the  perturbation  27000  times  greater  than  at  present. 
In  regard  to  this  very  absurd  result,  Prof.  Adams  comes  to 
the  rescue  of  Mr.  Hill's  formula  by  saying  that  "  he  (I) 
applies  it  to  a  case  in  which  it  is  not  applicable,  and  for  which 
it  was  not  intended."  It  is  true  the  formula,  the  numerical 
formula,  was  intended  for  the  moon  in  its  present  relation  to 
the  earth  and  sun  ;  but  the  general  formula,  (if  it  is  really 
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what  it  purports  to  be)  is  not  restricted  to  the  astronomical 
distance  unity,  but  applies  equally  well  to  a  planet  and  its 
satellite  moving  at  any  distance  from  the  sun.  In  fact,  the 
more  distant  the  sun  is,  the  more  correct  the  formula  ought 
to  be. 

Now  I  believe  that  Prof.  Adams  will  admit  that  if  a 
general  method  of  development  gives  a  correct  result  for  a 
given  distance  of  the  sun,  it  will  also  give  a  correct  result 
for  a  certain  distance  on  each  side  of  such  given  distance  ; 
and  the  only  question  now  is  to  determine  between  what 
limits  of  distance  the  method  is  properly  applicable.  Fortu- 
nately for  our  purpose.  Prof.  Adams  has  given  a  criterion 
for  determining  such  limits  of  distance.  He  says  (using 
the  notation  of  this  paper),  "If  m  have  its  usual  meaning, 
and  if  m  be  a  small  positive  constant  depending  on  the 
ellipticity  of  the  earth,  then  the  value  of  the  coefficient  in 
question  is  approximately  proportional  to 

m 
//(-  -4-  in' 

Now,  if,  as  in  the  case  of  our  moon,  m  is  very  much 
smaller  than  mr  so  that  we  may  neglect  the  square  of  m 
compared  with  that  of  m2,  the  quantity  just  mentioned  be- 

comes  approximately  =  -.,  whereas  if  mr  is  small  compared 

with  m  the  same  quantity  becomes  nearly  =  1,  and  the 
coefficient  becomes  nearly  independent  of  the  ellipticity  of 
the  earth,  as  it  should  do,  since  in  this  case  the  coefficient  of 
this  term  is  approximately  equal  to  the  sine  of  the  obliquity 
of  the  ecliptic." 

It  follows  from  this  criterion,  if  1  rightly  understand  it,  that 
the  form  of  development  adopted  by  Mr.  Hill  is  applicable 
to  all  cases  in  which  m  is  /<:x.s  than  in'-.  Now,  although  I 
am  unable  to  discover  any  logical  reason  for  such  a  criterion, 
I  am  willing  to  abide  by  its  verdict  in  the  present  case.  For 
we  have  in  the  actual  relations  of  the  sun,  moon  and  earth. 
m2  =  1151". 0973,  *«  =  0".03308  ;  whence  it  follows  that 
'm?  is  about  35000  times  as  large  as  m.  And  were  the  earth 
and  moon  in  their  present  relations  to  each  other,  to  revolve 
around  the  sun  at  the  distance  of  Neptune,  we  should  have 
«i2  =  0". 04275,  while  m  would  remain  unchanged  ;  so  that 
according  to  Prof.  Adams'  criterion  Mr.  Hill's  formula 
ought  to  apply  to  the  hypothetical  case,  although  he  says 
that  it  does  not. 


On  the  other  hand,  suppose  m2  to  be  very  much  smaller 
than  in.  Then  we  should  have  a  coefficient  of  disturbance 
wholly  independent  of  the  disturbing  function  ;  a  conclusion 
that  seems  widely  at  variance  with  well  established  mechani- 
cal principles  ;  namely,  that  an  effect  is  proportional  to  its 
cause. 

Suppose  again  that  the  earth  and  moon  were  to  revolve 
around  the  sun  at  one-half  their  present  distance,  the  value 
of  m2  would  have  eight  times  its  present  value,  and  this 
inequality,  which  is  at  present  supposed  to  be  about  8", 
would  be  reduced  to  a  single  second.  "We  have  thus  applied 
the  general  formula  for  the  perturbation  of  the  latitude  to  a 
number  of  hypothetical  cases  in  which  the  conditions  of  dis- 
turbance differ  considerably  from  the  actual ;  because  a 
formula  can  often  be  shown  to  be  erroneous,  more  conven- 
iently and  satisfactorily  by  showing  that  it  fails  in  extreme 
cases,  than  in  any  other  way. 

30  In  my  review  of  Hill's  Supplement  to  Delaunay,  I 
stated  the  fact  that  he  had  omitted  the  last  three  terms  of 
equation  (9),  in  his  computation  of  the  forces  depending  on 
the  product  of  the  disturbing  masses.  Prof.  Adams,  while 
admitting  this  fact,  remarks  that  the  spirit  of  Delainay's 
method  is  such  that  it  is  not  necessary  to  notice  these  terms. 
To  this  I  would  say  that  Delavnay's  method  in  his  own 
hands  shows  no  power  to  estimate  the  effects  of  forces  by 
entirely  ignoring  them.  It  is  also  certain  that  the  value  of 
ull  derived  from  these  terms  by  using  Mr.  Hill's  value  of 
ds  would  be  equal  to — i?0,  as  in  equation  ( 1 28) ,  so  that  the 
effect  of  these  terms  would  be  to  reduce  the  whole  pertur- 
bation to  nothing.  It  thus  agrees  with  LaPlace's  method 
in  its  results,  if  not  in  its  spirit. 

31  We  are  now  prepared  to  determine  the  value  of  dS 
in  equation  (9).  If  we  neglect  the  sun's  coordinates,  we 
may  take  the  following  values  of  the  perturbations  due  to 
the  sun's  action  from  the  Theory  of  the  Moon's  Motion; 
namely.  (161) 


5v  =  0,      6^  =  11—  y  sin  (nt 


:) 


Then  taking  for  (-fA,  [-^\  \-Jif)  the  values  g'ven  by 

equations  (17).  we  find 


oi?0  =  a  — t-  sin 

,.4 


a    ■         ,     , .  min- 
t-as 6  sin  v  +  \&  — i- 


y  sin  (nt  —  Q)  {cos2  0  —  sin2  6\  sin  v. 


(162) 


In  order  to  find  the  last  three  terms  of  equation  (9)  we 
have 


(163) 


B,=  -I-SiJ|l-8«nstf| 


in  which  m'  and  a' denote  the  sun's  mass  and  mean  distance. 
We  also  have  according  to  equations  (21,  35,  41),  neglect- 
ing constant  and  secular  terms, 


Til  Til 

dur  =  J  -  y  cos  (2nt  —  Si) ,     S0v  =■  ^  ~i T  sm  (~nt  —  &)  • 


Sn6  : 


sin  nt. 


Equation  (163)  gives 
fdB 

dr 


/ABA  ,m'    „       „   .  .„  /eLBA       .  fdR\       ,  m'      .    a        . 


(164) 
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The  last  three  terms  of  equation  (9)  therefore  become 
Therefore  the  complete  value  of  dR  is 


3  sin20| 


BR  =  a 


sin  v  cos  f/sin  v 


mm-       .      . 
+  \i  -^-rsin  (nt- 


m  in 

■i J.      J'    COS      (    I',:/ 


8){1  — 3  8in20jr- 


mill       .  „    .      „ 

3         ,.  sin  «/;•  •   -  sm  &  cos  0 


8)  {cos2  0  —  sin2  0j sin 


,sin  ill  •   /"'sin  0  cos  0 


If  we  take  the  partial  differential  coefficients  of  this  func- 
tion with  respect  to  ?•,  v,  and  0,  and  put  >-  —  a,  v=nt,  and 
sin  0  =  y  sin  (mi  —  £2),  cos  0  =  1 ,  after  the  differentiation, 
we  shall  obtain  the  increments  to  be  added  to  equations  (19) 
in  order  to  allow  for  the  terms  depending  on  the  products  of 
the  disturbing  functions,  as  follows  ;  observing  also  that 
_„      vi'cv' 


(168) 


.  fdR\       , . ,  m  nt-  .      „  . 


3i  -^rr  cos  Q, 


dR 


& )  =  K  ~^r  r  |sin  (*»*  -  8 )  -  sin  ft  | 


/dR 

\-dJ 


mm-  .  mm-  .  ,  mm-   . 

: — r-siu  nt  —  2  — 7- sin  h<  =  !  — =-  sin  nt 


Equation  (166)  gives  the  increment  of  the  disturbing 
function  arising  from  the  sun's  action.  If  we  take  its 
differential  coefficient  with  respect  to  0  we  shall  have 


(169) 


sin  nt. 


0  (d— 

"\dOj  *    a" 

And  if  we  add  this  to  the  third  of  equations  (19)  we  get 
its  corrected  value  as  affected  by  the  sun's  action  ;  namely. 

If    we   therefore   multiply    the  second  member  of  equation 

,ir 
(21)  by  1  —  |  -■    we   shall   get   the  corrected  value  of  SO 

depending  on  the  sun's  action.     The  sun's  action  therefore 
adds  to  the  inequality  in  the  latitude  the  quantity. 


(171) 


'=+* 


sin  nt. 


In  equation  (99)  we  have  the  term  — •  \(cf 
from   the   sun's    action.     ButJ(<72 


i)  =  i 


I)  II  arising 
m2  and    since 


J2~=  —  J-  — 2  the  preceding  term  becomes 


(172)        -  4  (cf  —  1 )  Hsinfo  =  +  T\  -^  s'D/u  =  d$s  i 

agreeing  exactly  with  equation  (171)  ;  so  that  La  Place's 
differential  equation  of  the  latitude,  when  correctly  inte- 
grated gives  the  same  value  as  my  own  method. 

But  we  see  by  the  third  of  equations  (168)  that  when  we 
notice  all  the  terms  of  the  order  mm2  the  correct  value  of 

w) 1S . 
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dR\ 

ddj' 


2^51  + 
a3  '    ^ 


(sin  nt. 


(166) 


(167) 


(173) 


so  that  the  effect  of  these  terms  in  the  expressions  of  the 
forces  is  to  add  to  the  inequality  the  term 


m m 
a? a 


SSO  =  —  T\  -j-  sin  nt  =  —  0".00001]  6  sin  nt.      (174) 


This  little  calculation  shows  how  utterly  insignificant  these 
terms  of  the  order  mm  -  are:  and  we  shall  not  give  the  com- 
plete development  of  the  effect  of  these  terms  upon  the 
moon's    coordinates.     We    may    however   observe    that  the 

term  —  -y  — 7  y  cos  Q,,  in  equation   (168)   would  have  the 

effect  to  increase  the  coefficient  of  6v  in  the  ratio  of 

1  ;  or  as  1.009:  1. 


1  +  -V 


iir 


32 


If  we  now  assume  the  earth's  oblateuess  to  be  ~,  the 


inequalities  in  the  longitude  and  latitude  will  become 

e>  =  0". 00134  sin  (2nt  —  Q)  +  5".242  {sin  Q  —  sin  Q„| 
56=  —  0".0178o  sin  nt.  (175) 

According  to  the  preceding  calculations  the  moon's  in- 
equality in  latitude  is  wholly  insensible,  and  the  inequality 
in  the  longitude  is  less  than  the  value  found  by  other  investi- 
gators in  the  ratio  of  13 :  19.  This  diminution  of  the 
equation  in  the  longitude  may  perhaps  explain  the  origin  of 
the  empirical  equation  discovered  by  Prof.  Newcomb,  the 
cause  of  which  has  been  vainly  sought  for  in  the  action  of 
the  planets  upon  the  moon. 

33  The  preceding  calculations  are  in  accordance  with  the 
general  considerations  introduced  at  the  beginning  of  this 
paper  ;  and  if  they  are  correct,  it  follows  that  mathema- 
ticians and  astronomers  have  been  deceiving  themselves  dur- 
ing nearly  a  hundred  years,  by  the  use  of  equations  in  the 
moon's  latitude  and  longitude  which  were  derived  from  an 
indeterminate  equation,  and  which  have  therefore  no  neces- 
sary physical  existence.  This  is  the  most  extensive,  inter- 
esting, and  important  case  of  mathematical  legerdemain  to 
be  found  in  the  whole  history  of  science  ;  and  it  is  believed 
that  by  eliminating  the  effects  of  these  erroneous  equations 
from  the  elements  of  the  moon's  orbit,  and  from  the  theory 
of  her  motion,  tables  of  greatly  increased  accuracy  can  be 
constructed,  and  the  general  improvement  of  the  lunar  theory 
be  thereby  greatly  promoted. 
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OX  A  NEW  VARIABLE   OF   THE   ALGOL   TYPE. 

20h  46™  16U;  +34°  6'  57"    (1855.0). 
By  S.  C.  CHANDLER,  Jr. 


la  No.  148,  p  32,  of  this  Journal,  I  alluded  to  the  possible 
variability  of  one  of  the  comparison-stars  employed  with  the 
variable  there  mentioned.  I  now  beg  to  announce  that  the 
star,  whose  place  is  above  given,  is  a  variable  of  the  Algol 
type,  thus  making  the  eighth  of  this  class  so  far  discovered. 
Leaving  the  details  with  regard  to  the  discovery,  and  the 
observations  so  far  obtained,  to  be  communicated  in  the  next 
number,  I  will  merely  say  that  they  indicate  the  following 
times  of 

Observed  Minima. 
1886     Dec.    9d  6h  15™     Camb.  M.T. 
21    6    12 
27    6      0 

which,  neglecting  for  the  present  the  light-equation,  furnish 
the  approximate  elements 

id.997 


1886     Dec.  9d.260  Camb.  M.T.  + 


i: 


To  determine  what  aliquot  part  of  5d.997  is  the  true  period, 
we  can  first  exclude  the  hypotheses  that  n  =  3  or  n  =.  5,  or 
any  multiples  thereof,  as  conflicting  with  observations  on 
various  dates  when  the  star  was  seen  at  its  maximum  bright- 
ness.    There  remain  then  the  hypotheses 

1  P  =  5.9970 
P=  2.9985 


n  =  1 

n  =  2 

ti  =  4 

n  =  7 

ji  =  8 


P  =  1.4992 
P  =  0.8567 
P=  0.7496 


Unfortunately,  the  choice  between  these  cannot  be  imme- 
diately settled — for  a  month  or  so  at  least  —  by  observa- 
tions in  the  eastern  portion  of  the  United  States  ;  although 

Cambridge,  1886  December  29. 


it  might  easily  be  done  in  Europe  or  on  the  Pacific  coast. 
I  strongly  surmise,  however,  that  the  period  will  prove  to 
be  ld.4992.  The  ground  of  this  presumption  rests  on  a  re- 
lation which,  it  seems  to  me,  can  be  recognized  in  the  ratio 
of  the  actual  duration  of  the  light-fluctuations  of  the  Algol 
stars  to  their  whole  periods  ;  and  which  is  exhibited  in  the 
following  table  of  all  the  known  variables  of  this  type. 


Star 

Period 

Duration  of 
Oscillations 

Ratio 

U  Ophiuchi 

20h.13 

5h.0 

0.248 

S  Librae 

55  .85 

12  .0 

0  214 

U  Cephei 

59  .82 

10  .0 

0.167 

Algol 

68  .81 

9  .15 

0.134 

U  Coronae 

82  .85 

9  .75 

0.118 

?.  Tauri 

94  .87 

10  .0 

0.105 

S  Cancri 

227  .63 

21  .5 

0.094 

My  observations  show  that  the  whole  light-increase  occu-. 
pies  not  more  than  three  hours,  so  that  the  whole  duration  of 
the  oscillation,  assuming  the  light-curve  to  be  symmetrical, 
is  probably  about  six  hours.  Consequently,  a  period  as 
great  as  three  days,  or  very  much  less  than  one  day,  would 
render  this  star  exceptional  in  respect  to  the  relation  above 
noticed.  Therefore  I  anticipate  with  some  confidence  the 
confirmation  of  the  period  ld  llh  59m,  or,  if  not  that,  then 
20h  34"',  or  possibly  18h  6m.  Similarly  considerations  guided 
me  once  before,  in  the  case  of  U Ophiuchi,  successfully  to 
the  true  period. 

The  light  of  the  variable  ranges  from  7".l  to  7M.8.  The 
inferior  limit  is  as  yet  uncertainly  determined. 

I  can  find  no  observations  of  position  except  in  the  DM., 
and  one  observation  in  Lalande. 


NEW  ASTEROID. 


An  "Associated  Press"  despatch,  of  December  23,  announces  the  discovery  of  Asteroid  No.  264,  by  Dr.  C.  H.  F. 
Peters,  of  Clinton,  N.  Y.,  in  the  position 

1886,  December  22,  10h  50'"  Wash.  M.T.  «  =  lh  14m  20s  d  =  +  5°  53'  50" 

Daily  Motion  -4-28'  in  a,  and  8'  northward  ;   1HM. 
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NOTE   OX  MR.  STOCKWELL'S   "ANALYTICAL   DETERMINATION   OF   THE 

INEQUALITIES   IN   THE   MOTION   OF   THE   MOON  ARISING 

FROM   THE   OBLATENESS   OF   THE   EARTH." 

By    Pkof.    A.    HALL. 


It  does  not  seem  to  me  that  the  exposition  of  the  method 
of  LaPlace,  given  in  this  Journal,  No.  148,  p  27,  is  correct. 
If  we  take  Mr.  Stockwell's  equation  (92)  and  make  no  as- 
sumption on  the  value  of  the  constant-;,  we  find  : 

2  m         1 


H=  — 


"     :r—f- 
2m         1 


2  sin  fv. 


«2    (f—p 
Substituting  the  values  of  the  constants: 

0=1.00402175,  /=  1.00000290,  etc. 

1886  December  30. 


els  =  —  6".479  sin  fv 
agreeing  with  LaPlace,  who  found  the  coefficient   —  6.487 
in  sexagesimal  seconds.     The  method  followed  in  the  Me- 
canique  Celeste  is  to  put/=  1  in  the  above  value  of  An,  and 
tl icii  t<>  write  (f —  1  =  (g  -\-  1)  (;/  —  1)  =  2  (g  —  1), 

since  g  is  so  nearly  equal  to  unity. 

From  this  example  we  may  infer,  I  think,  that  it  is  not 
safe  to  assume  special  values  of  the  constants  during  our 
analytical  transformation.  We  should  wait  until  we  have 
obtained  the  final  result,  and  then  introduce  particular  values 
of  the  constants.     This  is  what  LaPlace  has  done. 


NOTES  ON  COMET   1886/  (barnard,  OCT.  4.) 

By  E.  E.  BARNARD. 


October  4.     The  comet  was  discovered  at  about  171',  ^\ith 
5  in.  refractor.     It  was  bright,  round  and  much  condensed. 
Two  equatorial  pointings  on  it  were  obtained  with  the  6  in. 
telescope  as  it  was  fading  from  view,  giving  the  place  : 
1886  Oct.  4.     17"  llm  41s     Nashville  M.T. 
«=10h36m8«         tf  =  +0°57'.6 
The  following  observations  arc  all  made  with  6  in.  equato- 
rial : 

October  5.     Faint  diffused  tail ;  difficult  small  nucleus. 

October  6.  Suspected  fainter,  nucleus  difficult ;  not  sure 
of  any  tail. 

October  8.     Less  bright. 

October  10.  Bright,  though  probably  less  than  at  first  ob- 
servation.    Small  and  difficult  nucleus. 

October  12.  Bright,  much  condensed,  with  small  nucleus  ; 
full  moon. 

October  16.  Bright,  large  and  strong  condensation,  signs 
of  brush-like  tail  preceding. 


October  18.  Brightly  condensed  to  difficult  nucleus.  Dif- 
fused tail. 

October  19.  Very  bright  and  large,  with  strong  brushy 
tail  preceding.  Nucleus  =  8^M  probably,  and  better  seen 
than  at  any  previous  observation.     Half-moon. 

October  22.  Large  and  bright  with  indefinite  condensation 
to  almost  a  nucleus  ;  faint  traces  of  tail. 

October  24.  Large  and  bright.  Broad  brushy  short  tail, 
not  very  distinct.  Indefinite  nucleus.  The  head  is  develop- 
ing a  symmetrical  form. 

October  29.  Much  larger  and  brighter;  uncertain  of  nu- 
cleus, but  very  strongly  condensed.  Large  brushy  tail,  sus- 
pected to  be  bifurcated.  It  is  now  visible  to  the  naked  eye 
as  an  ill-defined  spot  of  light. 

October  31.  As  easy  to  naked  eye  as  a  sixth  mag.  star. 
Not  quite  so  large  in  telescope  as  at  last  observation,  but 
very  bright.  There  are  now  visible  two  tails.  From  sketch 
these  tails  were  found  to  be  approximately  at  position-angles 
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and  134".    The  first  being  the  longer  and  brighter.    For 

future  designation  these  tails  will  be  called  N  and  S.  re- 
spectively ;  N  being  the  northern  and  S  the  southern  tail. 
The  space  between  the  tails  was  entirely  free  from  nebulosity. 
N  was  about  21°  long,  while  S  was  not  quite  |°.  A  slight 
bulging  of  the  head  of  the  comet,  at  the  position-angle  150°, 
seemed  to  cSdicate  the  probable  formation  of  a  third  tail. 

November  3.  Very  bright,  with  ill-defined  nucleus.  The 
two  tails  again  visible:  N  traceable  for  2°  or  3°.  Cannot 
verify  the  elongation  as  p  =  150°,  but  there  is  suspicion  of 
faint  prolongation  there.  Easy  to  the  naked  eye  as  a  bright- 
ish  spot  of  haze. 

November  4.  Brightish  to  eye,  but  no  elongation  seen. 
Telescopically,  very  bright  and  the  head  better  defined  :  nu- 
cleus decidedly  stellar.  The  tails  are  quite  easy  :  N  is  at 
least  2°  long.      Sky  poor. 

November  6.  Brightish  to  naked  eye,  and  faint  extension 
away  from  &uu  as  noticeable  as  a  fifth  mag.  star.  Telescop- 
ically, N  brighter  and  easily  traceable  for  2i" ;  S  about  i° 
long.  Nucleus  very  stellar  and  bright  ;  slightly  yellowish. 
Head  forming  well,  though  outline  not  very  definite  yet. 
Again  suspect  slight  bulging-out  of  head  at  150°,  probably  a 
slight  projection  at  that  point.     Sky  fine. 

November  7.  Much  easier  to  naked  eye — quite  noticeable, 
with  faint  tail.  In  telescope,  the  two  tails  conspicuous  ;  X 
longer  than  S.  as  usual,  and  brighter;  X  seems  to  be  the 
main  tail.     S  longer  and  brighter  than  before.     Sky  good. 

November  12.  Bright  and  large  in  telescope.  Full  moon. 
In  this  observation  the  filar-micrometer  with  bright  field- 
threads  was  used  on  the  comet,  for  the  first  time. 

November  14.  Easily  visible  to  naked  eye,  just  above  E 
Virginia.     Moon  just  past  full. 

November  18.     As  bright  to  th  a  fourth  mag.  star. 

-  '>.  Decidedly  noticeable  to  eye.  and  of  at  least 
fourth  mag.  A  slender  train  traceable  for  at  least  71  or  8°. 
A  splendid  object  in  the  telescope.  Three  tails  are  now  vis- 
.  a  third  having  formed  between  N  and  S,  nearer  to  X. 
The  new  tail  is  probably  about  -]-°  long.  These  three  are  en- 
tirely distinct,  with  dark  sky  between  them.  N  traced  for 
a  great  distance,  and  is  very  peculiar;  —  slender  where  it 
leaves  the  .head,  it  widens  as  the  distance  increases.  At  Hc 
from  the  head  it  suddenly  diffuses  very  much  on  its  north 
,  but  the  south  side  is  remarkably  well  defined;  the  tail 
at  the  above  distance  is  about  4/  broad.  The  nucleus  is 
bright,  slightly  yellowish,  almost  stellar,  surrounded  by  yel- 
lowish haze.     Sky  fine. 

November  25.  Bright  to  eye  :  tail  not  so  well  seen  as  at 
last  observation,  but  can  trace  it  beyond  Arcturus.  Tele- 
pically,  the  comet  is  a  splendid  object;  N  and  S  are 
much  brighter  and  better  defined.  Tracing  along  N,  the 
part  that  was  so  well  defined  at  last  observation  is  found  to 
have  lost  its  sharp  outline,  while  the  south  side  is  better  de- 
fined—  almost  a  reversion  of  the  conditions  at  last  observa- 
tion.    The  middle  tail,  though  well  seen,  can  now  scarcely  be 


separated  from  N  as  the  blending  of  the  latter  has  almost 
reached  the  middle  tail. 

November  26.  Head  bright  to  naked  eye.  The  tail,  though 
scarcely  noticeable,  is  easily  traceable  as  high  as  Arcturus; 
the  light  of  this  star  deadens  the  eye  to  the  feeble  light  of 
the  train.  The  comet  is  more  conspicuous  than  a  fourth 
mag.  star.  Telescopically,  it  is  a  fine  object:  the  two  old 
tails  clear  and  distinct,  N  longer  and  brighter  than  S,  as  at 
all  former  observations.  The  middle  tail  has  utterly  disap- 
peared, having  doubtless  coalesced  with  N.  Nucleus  stellar 
and  blight,  slightly  yellowish,  but  not  well  defined.  Tail 
traceable  for  about  o°  beyond  Arcturus,  its  axis  passing  0°.6 
to  the  north  of  that  star.  The  axis  of  X'  passes  through 
nucleus,  but  that  of  S  noticeably  passes  north  of  nucleus, 
and  its  south  border  cuts  through  the  nucleus  if  prolonged. 
The  head,  as  noticed  at  former  observations,  is  larger  than 
at  the  junction  of  the  tails,  giving  it  the  appearance  of  having 
a  neck,  from  which  the  tails  spring.  X  is  narrowest  near 
head  and  is  symmetrical  with  head  and  nucleus,  while  the 
head  looks  "lop-sided"  with  reference  to  S.  Everything  in- 
dicates that  X  is  the  main  tail. 

November  28.  Bright  to  eye  and  fully  as  noticeable  as 
_'  Bootis.  Slender  tail  (not  bright)  traced  for  about  12"'. 
With  the  telescope,  X  and  S  are  conspicuous  objects. 
Cannot  trace  S  more  than  1£°.  Xo  trace  of  the  middle  tail. 
Nucleus  bright  ami  star-like,  but  it  diffuses  with  high 
powers. 

Novi  mbi  /•  29".  Head  is  as  bright  to  naked  eye  and  more 
noticeable  than  £  Bootis.  Tail  not  bright  but  can  easily  trace 
it  to  the  line  between  ?  and  a  Boo?/*,  passing  several  degrees 
to  right  of  s.     With  teli  he  bead  is  very  bright.     The 

two  tails  brighter  and  better  defined.  There  is  a  narrow  ray 
of  light  running  along  the  axis  of  N  from  nucleus:  it  is 
quite  sharp  and  definite.  Sky  good.  The  space  between  X 
and  S  is  now  filling  with  nebulosity.  Previous  to  this  no 
nebulosity  has  been  seen,  though  looked  for.  in  this  s; 
Nucleus  small  but  planetary,  having  a  perceptible  diameter  ; 
and  faintly  yellowish,  with  dense  haze  about  it.  The  raj  of 
light  and  main  tail  are  symmetrical  with  nucleus,  but  S  is 
not  so. 

Dea  mbi  r  1.  Head  very  bright,  and  tail  slender,  straight 
and  decidedly  noticeable:  it  is  fully  10°  long  and  telescop- 
ically very  bright.  The  head  is  better  formed,  having  lost 
that  neck-like  appearance,  and  the  tails  flowing  symmetrically 
from  the  head.  The  bright  ray.  so  conspicuous  at  last  ob- 
servation, does  not  now  exist.  Loth  tails  brighter  and  the 
south  one  longer  than  before.  The  interior  space  is  decid- 
edly tilling  with  haze,  and  the  tails  coalesce  at  a  greater  dis- 
tance from  head.     Nucleus  bright  but  not  stellar. 

December  5.  The  comet  is  very  noticeable.  Tail  very 
straight  and  slender,  but  not  bright,  10°  long.  The  telescopic 
aspect  as  previously,  so  far  as  could  be  determined — dawn 
having  affected  the  comet  before  the  telescope  was  turned 
on  it. 
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These  are  so  far  the  most  important  of  my  notes  of  the 
comet.  The  observations  have  been  made  with  a  comet  eye- 
piece, giving  a  power  of  about  40,  and  the  ring  eye-piece, 
giving  about  80.  The  dates  are  astronomical,  all  the  obser- 
vations having  been  made  between  1  6*  and  dawn.     At  nearly 

Vtinderbilt  University  Observatory, 

Nashville,  Ten,,.,  1886  December  6. 


every  observation  the  comet  has  been  observed  for  position 
either  with  the  ring  or  filar-micrometer  ;  these  positions  when 
all  reduced  will  be  published,  but  it  has  been  thought  that 
these  physical  observations  might  be  of  value  without  the 
positions. 


OX  THE   ORBIT   OF   THE  PERIODIC   COMET   1886  e  (finlat) 

By   LEWIS   BOSS 


In  order  to  make  a  preliminary  examination  of  the  ques- 
tion of  identity  between  the  comet  of  Fim.ay  and  that 
discovered  by  DeVico  in  1844,  I  have  computed  the  elements 

here  presented.  If  the  resulting  ephemeris  shall  enable 
observers  to  select  comparison-stars  in  advance,  and  thus  to 
improve  many  opportunities  for  observation  that  would 
otherwise  be  lost,  that  will  in  part  justify  what  might  seem 
to  be  an  amount  of  work  disproportioned  to  the  resulting 
advantage. 

In  the  formation  of  the  following  normal  places  upon 
which  the  calculation  of  elements  depends,  I  have  had  in 
view  the  detrimental  effect  of  even  comparatively  small 
errors  of  observation  upon  the  resulting  orbit.  While  the 
position  of  the  comet  of  1844  was  relatively  favorable  for  the 
computation  of  accurate  elements,  the  space  relations  of  the 
Fini.av  comet  are  extremely  unfavorable.  In  combining 
the  observations  for  normal  places,  I  have  used  weights 
derived  from  various  considerations,  — such  as  character  of 
star-place,  number  of  comparisons  and  size  of  telescope. 
Following  are  the  places  for  the  mean  equinox  of  1  : 
with  the  number  of  observations  included  in  each  : 

1886  a 

Sept.  30.5  258°    :)'  49".4 

Oct.    23.0  275   l.s  49  .8 

Nov.   l!b.">  304     8   56  .6 

Dec.    19.0  341    22  39   .0 

In  the  table  of  comparisons  with  observation,  to  be  given 
later,  the  composition  of  these  normal  places  is  indicated  by 
asterisks  attached  to  the  observations  so  used.  In  the 
calculation  I  employed  the  same  method  as  in  my  former 
papers  upon  this  comet  (seeAstr.  Jmim.  Nos.  145  and  1  17), 
which  is  the  very  elegant  method  of  the  late  Dr.  Oppolzer, 
a'ud  in  which  the  two  middle  latitudes  are  neglected.  Fol- 
lowing are  the  elements  resulting  from  a  series  of  ap- 
proximations followed  by  an  interpolation,  and  a  further 
recomputatiou. 

T=  1886  November  22.38816  Gr.  M.T. 
-  =    7°  33'    2".0 
Si  =  52    26   14  .3    !■  1886.0 
i=3      1   46  .4 


s 

No.  Obs 

-26    16'38".4 

12 

—26   30  44  .7 

8 

—22   20  28  .0 

7 

—  8  46     6   .3 

8 

loge  r=  9.8564611 
log  a  =  0.5496395 
log  q  =  9.9990304 
log  n  =  2.7255474 

Approx.  period  6y.675 
The  collections  necessary  to  reduce  these  elements   to  the 
ecliptic  and  equinox  of  1887.0  are: 

h  =  +  50".25,     J  Si  =  +  42".30,     di  =  -f  0".23 
The  equations  of  the  coordinates  for  the  respective  years 


L886.0 


1887.0 


x 

.'/  = 

z  = 

.'/  = 

z  = 


:  9996185]  (H-1'73  30'  42".5) 

9562858]  (r+  8    38  47  .1) 

>9.6325231]  (*•+  2    26  .".0  .9) 

"ti9.9996185]  (>+:>7:  ;;i'32".8) 
"nd. 9562881]  (r-j-  8  39  38  .0) 
>9.6325145]  {v-\-  2    27  37  .5) 

The  normal  places  arc  thus  represented  : 

C— O 
M 
Sept.  30.5 
Oct.    23.0 
Nov.  19.5 
Dec.    19.0 

In  order  to  investigate  more  fully  the  character  of  the  dis- 
crepancies between  calculation  and  observation,  I  have  pre- 
pared the  subjoined  table,  including  in  it  nearly  all  the 
observations  made  at  the  Dudley  Observatory,  with  such 
others  as  could  conveniently  be  included  without  calculation 
of  additional  ephemeris-dates. 


M 

4 

1 

0' 

.0 

0' 

.0 

+o 

.6 

c- 

_2 

.9] 

+o 

.9 

c- 

-3 

•4] 

0 

.0 

0 

.0 

Place 

z/a 

z/8 

September  29 

*Rome 

+0.*29 

It 

+  7.1 

•Nice 

-0.57 

+  1.3 

•Lyons 

-0.20 

—  3.1 

•Albany 

—0.48 

-   1.9 

•Nashville 

+0.69 

—  6.1 

September  30 

•Vienna 

+0.91 

+  3.9 

•Lyons 

+0.71 

+  0.4 

•Washington 

—0.04 

—  1.5 

October         1 

•Vienna 

—0.24 

—14.1 

•Rome 

+0.14 

-10.8 
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October  1 

October  22 

Octobei  23 

October  28 

October  29 

October  30 

October  31 

November  1 


November  2 

November  5 

November  7 

November  16 


November    18 
November    19 


Place 

*Niee 

*  Washington 
Turin 

*Rome  ("-') 
'  \\  ashington 
•Albany 

Kremsmiinster( 
'  Rome  ( 

•Albany 

*  Washington 
Kremsmiinster 

Kremsmiinster 

Kremsmiinster 

Kremsmiinster 

Kremsmiinster 

Rome 

Albany 

Albany 

Albany 

Rome 

a 

Kremsmiinster 
Rome 
•Albany 

•Albany 
Washington 
Washington 

•Albany 


November 

20 

Rome 

November 

21 

•Albany 

December 

0 

Albany 

December 

10 

•Albany 

December 

17 

•Albany 

December  20 
December  21 
December    27 


•Albany 

•Albany 

Albany 


Aa 

—0.09 
—0.05 

—  1.15 

./8 

+  5.0 
+11.5 

—   7.:i 

—0. 1  1 

—  !).7 

+0.04 

+0.24 

2)— 1.36 

—  1.9 

—  0.6 
-15.2 

2)  —  0.18 

—   0.1 

+0.15 
+0.03 
—  0.77 

+    1.7 
—  4.5 
-11.8 

—  1.10 

—  15..S 

-0.G2 

—0.:;:; 

+  3.6 
—    1.2 

—0.93 
—0.58 
-1.21 
—0.36 
—0.58 

+  5.0 

+  8.3 
+   3.0 
+  2.1 
—13.  1 

+0.06 

+0.21 

-  2.5 

—  0  7 

+0.35 
—0.34 

+   0.1 

—    3.3 

—0.63 

—  5..S 

—0.53 

+  0.7 

-0.1  1 

-  4.7 

—0.05 

-   2.4 

— 0.G1 

—  1.3 

+0.2G 
+0.25 

+0.17 

-  7.'.» 
+   5.8 
—  12.7 

+0.04 

—0.38 

2.2 

—  4.:; 

—0.32 

—  9.3 

+0.30 
+0.48 
+0.26 
—0.37 
—0.04 

—  2.1 
+   3.1 
+  3.7 
+   1.7 

—  0.1 

—0.36 

+0.13 

0.00 

+0.08 

+   1.7 

-   1.0 

+    1.3 

—  o.s 

+0.32 
+0.19 
—0.48 

+  3.1 

—  0.8 

—  2.7 

In  the  case  of  several  observations,  embraced  in  the  fore- 
going table,  the  comparison-star  is  not  well  determined,  or 
the  number  of  comparisons  is  only  one  or  very  few.  From 
October  22  to  November  20,  inclusive,  the  prevalence  of  the 
negative  sign  in  the  residuals  for  declination  is  apparent. 
Between  those  dates,  from  +2"  to  +3"  should  be  added  to 
the  ephemeris-declinations  in  order  to  get  the  best  represen- 


tation of  observations.  The  trouble  has  probably  arisen 
from  systematic  errors  in  the  normal  right-ascensions  used 
in  the  calculation,  and  from  weakuess  in  the  declination  of 
tin'  first  normal  place.  At  all  events  the  errors  are  mostly 
small,  and  they  indicate  that  the  elements  concerned  must 
be  very  near  the  truth,  and  that  the  consequent  periodic  time 
is  no  more  than  a  few  days  in  error.  Of  these  differences 
the  most  important  come  from  the  Kremsmiinster  series. 
which  appear  to  differ  systematically  from  the  consensus  of 
other  observations  during  the  same  period  by  something  like 
0  ,,s  in  right-ascension.  The  observations  are  made  with  the 
use  of  a  ring-micrometer,  and  the  differences  of  declination 
appear  to  be  a  function  of  the  differences,  £/  —  >fc ,  in  the 
comparisons.  They  are  fairly  well  represented  by  the 
formula:  +  l".l  -  1".4  (<#—*)  where  the  difference 
(£/ —  ^  )  is  expressed  in  minutes.  In  the  Albany  obser- 
vations with  filar  micrometer,  the  attention  of  the  observer 
was  in  each  case  directed  to  the  avoidance  of  a  habit  of 
observing  favorable  to  the  existence  of  large  constant  errors. 
Of  course,  it  is  impossible  for  any  observer  by  a  mere  effort 
of  the  will  altogether  to  avoid  such  errors,  which  in  the 
nature  of  the  case  are.  to  a  certain  extent,  unavoidable.  I 
have,  however,  frequently  noticed  a  tendency  on  my  own  part, 
when  observing  transits  of  the  comet  over  the  illuminated 
micrometer-wires,  to  wait  too  long  for  the  reappearance  of 
the  image.  This  tendency  1  have  tried  to  conquer  by 
experiment  with  the  phases  of  transit,  previous  to  observation, 
in  older  to  facilitate  judgement  as  to  when  the  central  con- 
densation is  really  under  the  wire.  It  is  also  possible  that 
changes  in  the  form  of  the  comet,  while  in  the  vicinity  of 
perihelion,  may  have  materially  altered  the  relation  of  appar- 
ent center  of  brightness  to  the  center  of  gravity.  The  comet 
has  always  appeared  to  me  to  be  without  nucleus  proper, 
and  with  a  central  condensation  of  light  (observable  with 
illuminated  wires)  of  from  6"  to  10"  in  diameter. 

The  elements  already  presented  render  the  question  of 
identity  with  DeVico's  comet  rather  problematical,  to  say 
the  least.  In  favor  of  such  identity  is  the  near  coincidence 
of  the  planes  of  revolution.  Further  it  is  hardly  credible 
that,  with  unchanged  elements.  DeVico's  comet  should  have 
escaped  observation  since  Goldschmiixt's  single  rough  ob- 
servation in  1855,  if  indeed  that  were  really  an  observation 
of  the  comet  in  question.  Judging  from  appearances,  the 
two  bodies  must  be.  of  nearly  the  same  intrinsic  bright)  3S 
At  the  last  reported  observation  of  DeVico's  comet,  by  Otto 
Struve  at  Pulkowa  (1844  December  31.)  the  theoretical 
brightness  of  that  object  was  about  0.5  on  the  scale  of  light 
adopted  in  the  ephemcris  at  the  end  of  this  article;  being 
nearly  equal  to  that  which  the  present  comet  will  have  on 
February  16,  and  one-half  that  which  it  had  at  discovery  in 
September  last.  Against  these  considerations  are  the  im- 
portant differences  in  the  elements,  such  as  24°. 5  between 
the  lines  of  apsides  ;  nearly  12°  between  the  lines  of  nodes  ; 
0.14  in  the  length  of  the  semi-axes;  and  6°. 8  in  the  angles 
of  eccentricity.     Yet.  even  in    these  elements  there  is  not 
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Sufficient  discrepancy  to  remove  the  suspicion  of  possible 
identity.  The  greatest  apparent  objection  lies  in  the  swing- 
ing of  the  line  of  apsides  combined  with  the  relatively  great 
difference  in  perihelion-distance  through  the  combined  dif- 
ferences of  the  semi-axis  and  angle  of  eccentricity.  But 
if  we  choose  to  examine  the  hypothesis  of  identity,  it  must 
be  shown  that  perturbing  forces  may  have  acted  with  suffi- 
cient power  to  produce  these  great  changes;  and  in  looking 
for  the  source  of  such  forces  we  are  confronted  with  impor- 
tant difficulties.  Unless  the  elements  of  each  of  these  comets 
are  supposed  to  be  very  different  from  those  given  by  calcu- 
lation, neither  of  the  comets  could  have  experienced  any 
extraordinary  perturbations  by  Jupiter  in  the  interval  from 
1844  to  1886.  In  1873—4  when  DeVico's  comet  was,  by  the 
undisturbed  element-;,  in  aphelion,  its  leasl  distance  from 
Jul, iter  was  about  twice  the  terrestrial  radius,  and  while  this 
would  have  led  to  important  pertur  cations,  the  possible  dis- 
turbance is  not  equal  to  that  required  by  the  hypothesis  of 
identity  with  the  comet  of  Finlay,  without  supposing  a 
shortening  of  the  period  of  DeVico's  count,  much  greater 
than  seems  to  be  readily  admissible.  Furthermore  if  one 
supposes  such  shortening  of  the  period  to  be  probable,  and 
that  great,  perturbations  by  Jupiter  were  produced,  it  will 
be  quite  as  difficult  to  show  how,  under  the  theory  of  identity, 
DeVico's  comet  could  have  made  its  appearance  at  the 
present  time.  According  to  the  present  calculation  the 
Finlay  comet  should  have  been  (by  the  undisturbed  elements) 
:at  aphelion  in  March,  1870,  and  again  near  the  end  of  1876. 
Working  back,  it  appears  that  the  comet  of  Finlay  has  at 
no  time,  in  the  last  30  years  at  least,  attained  a  Jovicentric 
.distance  of  less  than  3.0,  except  for  the  changes  produced 
•  by  perturbations. 

The  suggestion  of  mine,  in  No.  145  of  this  Journal,  that 
•the  source  of  the  disturbance  might  possibly  lie  found  among 
.the  small  planets,  is  negatived  by  the  relations  of  the  two 
orbits  in  .space. 

There  is  however  an  interesting  conjunction  of  the  re- 
spective trajectories  of  the  two  comets  with  that  of  Mars 
in  the  interval  of  heliocentric  longitude  2k7°-296°.  Here 
•the  tangents  of  the  orbits  make  small  angles  with  their 
mean  direction.  The  possible  least  Areocentric  distance  of 
the  DeVico  comet  is  at  about  288°  of  longitude,  and  is  only 
0.011.  The  Finlay  comet's  trajectory  does  not  approach 
.that  of  Mars  quite  so  closely,  but  can  be  as  small  as  0.025 
in  longitude  295°.  Another  close  approach  to  Mars  is  pos- 
sible for  the  DeVico  comet,  at  heliocentric  longitude  42°, 
and  for  the  Finlay  comet  in  90°;  but  it  is  probably  in  the 
vicinity  of_  longitude  290°  that  we  must  look  for  the  great 
perturbations  by  Mars,  if  they  have  been  exerted  at  all. 

I  have  examined  with  some  care  the  dates  when  it  is  rea- 
sonable to  suppose  that  each  of  the  comets  in  turn  may  have 
been  in  the  vicinity  of  this  point  with  the  planet ;  but  there 
is  only  one  occasion  when  the  comets  may  have  been  sup- 
posed to  be  —  both  of  them  —  near  this  point  at  the  same 
(time.     This  occurs  in  186G,  and  Mars  was  also  at  the  point 


nearest  the  trajectory  of  DeVico's  comet,  1866  February  24. 
This  is  certainly  an  interesting  coincidence,  even  though  on 
that  date,  by  the  undisturbed  elements,  DeVico's  comet  was 
past  the  point  in  question  about  80  days,  and  Finlay's  comet, 
180  days.  The  theoretical  meeting  of  theradii  vectores  of  the 
two  comets  is,  by  calculation,  in  January,  1865;  but  at  the 
time  above  mentioned  the  present  comet  was  only  100  days 
in  advance  of  DeVico's  comet.  In  order  to  bring  them  to- 
gether with  the  same  heliocentric  longitude  (equal  also  to  that 
of  Mars  at  the  time)  it  is  necessary  to  suppose  that  the  period 
of  DeVico's  comet  proved  to  be  only  20  days  shorter  than 
the  one  found  by  Brunnow  ;  but  it  is  also  necessary  to  sup- 
pose that  the  average  period  of  the  Finlay  comet  since  1866 
has  been  greater  by  60  days  than  that  which  has  been  found 
in  this  article.  It  will  hardly  be  admitted  that  the  period,  as 
now  found,  is  subject  to  a  correction  of  half  that  amount  at 
the  present  time;  and  it  remains  to  be  seen  whether  pertur- 
bations by  Mars,  Jupiter  and  Saturn  would  be  sufficient  to 
account  for  the  difference.  My  impression,  from  a  super- 
ficial inspection  of  the  problem,  is  that  the  perturbations  by 
Jupiter  in  the  period  1S75-7  would  have  a  tendency  to  shorten 
the  period  which  the  Finlay  comet  may  have  had  at  that 
time.  The  solution  of  that  question  is  only  possible,  how- 
ever, through  a  rigorous  analysis  —  based  upon  the  best  at- 
tainable treatment  of  observations  at  the  present  appear- 
ance, and  supplemented,  if  the  state  of  the  case  appears  to 
demand  it,  by  a  rediscussion  of  the  comet  of  1844.  Should 
the  hypothesis  of  identity  be  sustained  it  is  evident  that  fresh 
interest  would  attach  to  the  questions  of  identity  with  comets 
of  the  past,  and  especially  with  the  comets  of  1585  and  1G78. 

Working  backward  toward  1811  with  the  undisturbed  ele- 
ments of  the  Finlay  comet,  perihelia  result  at  these  dates: 
1880  March  20  ;  1873  July  17  ;  and  1866  November  13.  Of 
these,  the  first  is  entirely  unfavorable  for  observation  ;  the 
second  is  less  favorable  than  the  present,  with  the  comet 
visible  only  in  the  early  morning  hours;  and  the  third  (in 
1866),  is  slightly  more  favorable  than  the  present,  resembling 
it  in  general  relations.  But  the  supposition  of  an  average  in- 
crease in  the  period  of  CO  days  makes  the  dates  as  follows: 
1880,  January  ;  1873,  March  ;  and  1866,  May.  All  of  these 
would  be  unfavorable  to  the  chance  of  detection,  even  by  the 
keenest  sighted  and  most  industrious  of  comet-hunters.  This 
is  negative  evidence  only,  yet  it  must  have,  though  slight, 
still  a  favorable  bearing  upon  the  hypothesis  of  identity. 

With  undisturbed  elements  the  next  perihelion  of  the  Fin- 
lay comet  would  occur  July  26,  1893,  subject  to  the  error  in 
the  periodic  time.  The  following  little  ephemeris  shows 
that  the  conditions  for  observation  would  be  somewhat  in- 
ferior to  those  of  the  present  appearance. 

Date  a  8 

1893  May     6  21"  58'"  —  15° 

June  15  10  +4 

July  26  4    20  -j-  22 

Elongation  from  the  sun,  at  the  last  date,  is  less  than  58°. 
The  conditions  for  observation  would  be  improved  by  any 
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lengthening  of  the  period  under  100  days,  and  as  the  track 
of  the  comet  is  quite  clear  of  the  large  planets  for  the  next 


7  years,  we  may  count  with  some  confidence  upon  observing 
it  at  its  nest  return. 


Date,  ls>7 

\pp.  a 

Hourly  Motion 

App.  S 

Hourly  Motion 

logr 

log  A 

Light 

January      6 

0  17m55!93 

+  11. "916 

O            f             II 

+   2   28   ,",4.5 

+87.65 

0.074615 

9.947600 

2.0 

7 

22  40.98 

11.838 

3     3  27.7 

86.75 

8 

27  24.12 

11.757 

3  37  58.4 

85.79 

9 

32     5.31 

11.675 

4   12     5.4 

81.76 

10 

36  44.51 

11.592 

4   45  47.1 

83.CJ 

0.085593 

9.960503 

1.8 

January • 1 1 

0  41   21.71 

11.508 

5  19     2.5 

82.57 

12 

15  56.87 

11.422 

5  51  511.1 

M.40 

13 

50  29.96 

11  335 

6  24     9.9 

mi.  20 

14 

:,;,    0.97 

11.249 

6  56     0.1 

78.H7 

0.090754 

9.975120 

1.6 

15 

0  59  29.89 

11.161 

7  27  20.4 

77.70 

January    16 

1      3  56.70 

11.073 

7  58     9.9 

76.41 

17 

8  21.39 

10. DM 

8  28  28.1 

75.10 

18 

12  43.95 

10.896 

s  58   14.6 

73.77 

0.108018 

'.'.'.''.•1191 

1.4 

19 

17     4.38 

10.807 

'J  27  28.9 

72.42 

20 

21   22.68 

10.718 

9  56   10.6 

71. in; 

January    21 

1   25  38.85 

10.629 

in  24   19.6 

69.69 

22 

29  52.89 

in.:,  ii 

10  51   55.6 

68.31 

0.119318 

0.008443 

1.2 

23 

34     4.79 

ln.151 

11  18  58.4 

66.93 

• 

24 

38  14.56 

10.362 

11  45  28.1 

65.54 

25 

4  2  22.19 

1U.274 

12   11   24.5 

64.16 

January    26 

1   46  27.71 

10.186 

12  36  47.8 

62.78 

0.130598 

0.02C,r,ii 

1.1 

27 

50  31.11 

10.098 

13     1   :i8.0 

61.41 

28 

54  32.40 

10.01  1 

1.",   25   55.3 

60.04 

29 

1   58  ."l.C". 

9.923 

13  49  39.9 

58.68 

30 

2     2  28.71 

9.836 

14  12  52.0 

57.33 

0.141812 

0.045450 

0.9 

January    3 1 

2      (I   2.-.. 75 

9.751 

14  35  31.8 

56.00 

February     1 

Ki   16.74 

9.666 

11   57  39.8 

54.67 

•> 

11      7. 7H 

9.581 

15   19   16.0 

53.36 

3 

17  56.61 

9.496 

1.",  40  21.0 

52. 

0.152922 

0.064715 

0.8 

4 

21   4:;. 51 

9.413 

16     0  55.2 

50.79 

February    5 

2  25  28.43 

9.330 

16  20  58.8 

19.52 

6 

29  11.37 

9.249 

16  40  32.4 

48.28 

7 

32  52.37 

9.168 

16  59  36.3 

47.06 

0.16; 

0.084316 

0.7 

8 

36  31.44 

9.088 

17   18   11.1 

15.85 

9 

40     8.60 

9.009 

17  36  17.0 

44.66 

■February  10 

2  4:;  43.88 

8.932 

17  53  54.8 

43.49 

11 

47   17.32 

8.855 

is   11      4.7 

42.34 

0. 174  71'.! 

0.104012 

0.6 

12 

50  48.94 

8.780 

is  27  47.3 

41.22 

13 

54  18.76 

8.706 

18  44     3.2 

40.11 

14 

2  57  46.81 

8.633 

18  59  52.8 

39.03 

February  15 

3     1   13.13 

8.561 

V.'   15  16.6 

37.97 

0.185365 

0.123707 

0.5 

"  16 

4  37.71 

8.491 

19  30  15.2 

36.92 

17 

8     0.67 

8.421 

19  4  4  49.0 

35.90 

18 

11  21.95 

8.353 

19  58  58.5 

34.90 

19 

14  41.60 

8.285 

20  12  44.3 

33.92 

0.195822 

0.14."S2;U 

0.5 

February  20 

3  17  59.65 

8.219 

20  26     6.8 

.••,2.96 

*  21 

21   16.12 

8.154 

20  39     6.5 

.-12.02 

22 

24  31.04 

8.090 

20  51  43.9 

31.10 

23 

27  44.43 

8.026 

21     3  59.3 

30.20 

0.206081 

0.1626S0 

0.4 

24 

30  56.31 

7.964 

21   15  53.2 

29.31 
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Date,  1887 

App.  a 

Hourly  Motion 

App.  § 

Hourly  Motion 

log  r 

log  A 

Light 

February  25 

h        m      i 

3  52  39.23 

7S.903 

o           /            II 

21   27  26.1 

28*44 

26 

3  34     6.71 

7.842 

21    38  38.4 

27.59 

27 

37  15.65 

7.783 

21  49  30.6 

26.76 

0.216137 

0.181794 

0.4 

28 

40  23.15 

7.71':) 

22     0     3.0 

25.9:. 

March         1 

43  29.24 
46  33.94 

7.667 

22   10  16.1 

25.15 

March          2 

7.610 

22  20   10.4 

24.37 

.". 

3  49  37.26 

7.554 

22  29  46.1 

23.61 

0.225984 

0.900574 

0.3 

Dudley  Observatory, 
Albany,  N.Y.,  1887  January  8. 


ON   THE   NEAV  ALGOL-XARIAKLE   IX  CT0NU8. 

20h  46ra  16M  ;    +34°  6'  57"    (1855.0). 
By  S.  C  CHANDLER,  Jr. 


Since  the  appearance  of  No.  1  19  no  opportunity  has  been 
lost  to  get  additional  observations  of  this  star,  but  although 
two  minima  were  secured  on  January  2  and  1 1,  no  means  of 
discriminating  among  the  hypotheses  as  to  the  period  oc- 
curred, until  observations  obtained  in  the  strong  morning 
twilight,  January  12a  17''  15'"  to  18*  5m,  showed  the  star  in 
its  normal  maximum  brilliancy,  apparently.  By  the  very 
rude  elements  already  given,  a  minimum  would  have  oc- 
curred January  l"-'rl  IT1'  50'"  if  the  period  were  ld.4992  or 
0d.7496.  From  that  it  would  appear  that,  the  hypothesis 
n  =  2  is  the  correct  one,  but  further  watch  is  desirable  for 
a  conclusive  decision.  Neither  is  it  entirely  certain  that  any 
part  of  the  rear  decrease  has  yet  been  seen.  The  apparent 
decrease,  in  the  table  of  observations  below,  on  December 
27,  January  2  and  January  11,  may  be  the  effect  of  rapidly 
diminishing  twilight  on  the  relative  aspect  of  the  variable 
and  its  comparison-stars  ;  so  tnat  the  true  epoch  of  minimum 
is  yet  to  be  found. 

Some  detail  as  to  the  circumstances  attending  the  discov- 
ery and  observations,  omitted  from  No.  1  19  for  want  of 
space,  may  be  of  service  in  affording  hints  for  following  up 
other  suspicious  cases  of  this  kind.  I  have  long  deemed  it 
probable  that  the  comparative  fewness  of  the  yl/</o/-type  va- 
riables is  due  not  to  their  actual  rarity,  but  to  the  difficulties 
attending  their  discovery.  The  way  in  which  they  are  likely 
to  present  themselves  to  the  observer  is  so  elusive,  that  he 
is  apt  to  misjudge  the  single  discordant  observation  among 
many  accordant  ones,  and  treat  it  as  erroneous,  instead  of 
examining  the  case  further  and  tracing  the  exceptional  rec- 
ord to  its  true  origin. 

On  one  or  two  evenings  previous  to  December  9,  I  had  no- 
ticed that  this  star  seemed  out  of  its  usual  relation  in  bright- 
ness to  others  in  the  region.  On  that  «date  the  difference 
was  more  marked  ;  the  star  being    scarcely    visible    in   the 


bright  moonlight  with  the  field-glass,  while  its  neighbors,  or- 
dinarily equal  to  it,  were  conspicuous.  About  two  hours 
later  the  observation  was  repeated,  witlra  larger  telescope, 
on  account  of  increasing  haze  and  moonlight,  but  the  stars 
appeared  in  their  usual  relation.  Making  all  allowances  for 
difference  of  the  extraneous  circumstances,  I  was  at  the  time 
puzzled  by  these  observations,  although  it  is  now  plain  that 
in  the  short  interval  between  them  the  star  had  regained  its 
usual  brilliancy.  A  nightly  watch  was  kept  without  result 
until  December  21,  when  the  star  was  again  caught  below  its 
usual  magnitude.  Comparisons  during  the  evening,  although 
made  under  embarrassing  circumstances  during  a  railroad 
journey,  showed  a  distinct  increase  and  enabled  me  to  recog- 
nize the  peculiar  character  of  the  variable.  Since  that  time 
it  has  been  examined,  every  half-hour  or  oftener,  on  every 
possible  occasion,  including  hopeless  searches  in  the  morning 
twilight.  Three  additional  minima  have  been  thus  secured, 
as  noticed  above,  which  include  apparently  a  small  portion 
of  the  decrease  and  the  whole  of  the  increase. 

The  comparison-stars,  with  their  magnitudes  according  to 
the  DM.,  and  also  those  which  I  assign  on  the  same  scale, 
together  with  my  provisional  light-scale,  are  as  follows  : 


1855.0 

Magnitude. 

L 

h       m         s 

0 

i 

D.M.                 Ch 

k 

20  51    26 

-f::i 

45.2 

6.5         7.00 

13.5 

I- 

49     0 

33 

12.4 

7.3         7.0.'! 

13 

e 

43  30 

35 

1.7 

7.5          7.15 

12 

VI 

52  51 

34 

10.4 

7.6         7.60 

,s 

n 

49  51 

33 

28.4 

7.5         7. SO 

t; 

V 

47  16 

34 

12.3 

7.S         7.90 

5 

var. 

46  16 

34 

6.9 

7.5       7.1-7.9 

The  light  of  the  variable  ranges  from  11.5  or  12  at  maxi- 
mum, to  5.0  or  less  at  minimum;  or,  expressed  in  magni- 
tude, from  7M.l  to  7M.9.  The  inferior  limit  is  as  yet  un- 
certainly determined. 
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The  following  table  gives  the  light  of  the  variable  at  each 
observation.  The  letter  n  signifies  that  the  star  was  re- 
corded as  at  its  normal  or  maximum  brightness,  which  is 
about  11.5  or  12.0  of  the  light-scale.  The  letter  a  sigmi- 
fies  that  the  observations  were  made  with  a  Clacey  6^  inch  ; 
b,  that  they  were  continued,  as  the  twilight  deepened,  with 
this  telescope  and  also  with  the  2-inch  finder  and  the  field- 
glass  ;  and  c.  that  only  the  last  two  instruments  were  used. 
No  letter  is  affixed  to  observations  with  the  field-glass  alone. 

Observations. 

Camb.  M.T.  L 


Camb. 

M.T. 

L 

ii 

h        m 

Dec.     9 
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15 

7.0 

10 

8 
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45 
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15 
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19 

6 

27 
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21 
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45 

8.7 

21 

7 

15 

8.7 

21 

!) 

21 

10.5 

22 

G 

15 

13.0 

25 

5 

45 

11.3 

25 

6 

27 

11.7 

25 

9 

15 

11.7 

27 

5 

45 

7.2 

5 

59 

6.7 

6 

10 

6.6 

6 

15 

7.8 

6 

33 

8.0 

7 

15 

8.5 

7 

43 

9.3 

8 

1 

10.0 

8 

25 

10.0 

9 

3 

10.9 

9 

30 

11.1 

28 

5 

35 

11.0 

5 

45 

12.2 

6 

35 

12.2 

7 

5 

12.2 

7 

45 

12.2 

8 

20 

11.4 

8 

37 

11.2 

8 

48 
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1880  d       h        m 

Dec.  28  8  59 
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Jan. 
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10 
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4 
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11.2 

11.2 
8.0  a 
6.0  a 
5.5  a 
5.3  a 
5.0  a 
4.8  a 
5.0  a 

6.2  a 
7.0  a 
6.7  b 
7.5 
8.0 
8.2 
8.9 
9.8 

10.6 
11.0 
11.8 
10.8 

</' 

a 

a 
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From  these  observations  are  derived  the  following  times 
of  minima  : 


Observed 

E  Camb.  M  T. 

0  1886  Dec.  9  6  lb" 

4  21  6  12 

6  27  6  0 

8  1887  Jan.  2  5  54 

11  11  5  34 


Light 

Equation 
m 

—2.1 
—3.0 
—3.4 
—3.8 
—4.4 


Dec.    9  6  17  i  —10 

21   6  15  1  +4 

27  6     3  1  0 

Jan.     2  5  58  1  -+-  3 

11  5  58  1  —  5 

The  comparison  in  the  last  column  is  with  the  elements 

1886  Dec.  9d  6h  22'"  Camb.  M.T.  -f  [2d  23"  56">.0]  E 

These  elements  give  the  ephemeris  for  "Washington  M.T. 


E 

1887  Wash,  M.T. 

<1      h 

13 

.Ian.   17  5   11 

1 1 

20  .".      7 

15 

23  5     3 

16 

26    1   .V.i 

17 

29  4  55 

18 

Feb.     1  4  51 

19 

4  4  47 

20 

7  4  43 

21 

10  4  39 

E 

18S7  Wash.  M.T. 

d      h 

22 

Feb.  13  4  35 

23 

16  4  31 

24 

19  4  27 

25 

22    1   23 

26 

25    1   19 

■11 

28    1    15 

28 

Mar.    3   4    11 

29 

6  4     7 

30 

9    1     :; 

It  is  a  curious  and  unfortunate  circumstance  that  the  near 
commensurabilitv  of  the  period  with  the  mean  solar  day.  will 
prevent  further  observation  in  the  eastern  portion  of  the 
United  States  for  a  period  of  about  twenty  months — unless. 

one  or  two  additional  minima  are  immediately  obtained  with 

» 

telescopes  of  considerable  size,  in  the  bright  evening  twilight 
— and  also  on  the  Pacific  coast  until  January  of  next  year. 
Observations  are  still  possible  for  a  very  short  period  in  mid- 
dle Europe.  In  northern  Europe  the  star  is  near  the  circle 
of  perpetual  apparition,  but  even  there  the  minima  are  in- 
visible for  long  series  of  months  together,  on  account  of 
daylight. 
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OBSERVATIONS   OF    VARIABLE   STARS    IN    L885. 

By    EDWIN    F.    SAWYER. 


The  following  observations  of  variable  shirs  were  made 
during  the  year  1885  at  Cambridgeport,  .Mass.  The  same 
methods  of  observation  and  reduction  were  employed  as  dur- 
ing former  years  (Aslr.  Nachr.  no.  2660). 

Owing  to  a  severe  illness,  the  observations  were  much  in- 
terrupted during  the  months  of  July,  August  and  Septem- 
ber, but  fortunately  the  breaks  in  the  series  were  nol  of  such 
a  serious  character  that  the  limes  of  maxima  and  minima 
(with  a  few  exceptions)  could  no1  be  determined  with  the 
usual  precision.  Over  1500  observations  of  50  stars  were 
obtained  during  the  year ;  but  the  reduction  of  the  observa- 
tions of  many  of  these1  stars  lias  been  delayed  for  want  of 
time  and  will  be  given  as  occasion  offers  in  separate  com- 
munications. 

l .     R  Andromeda  e. 

This  star  was  observed  from  December  5,  1884,  to  .March 
17,  1885,  39  observations  being  obtained.  When  first  seen 
on  December  5  It  was  3  steps  >  DM.  37°, 57,  and  1  or  5  steps 
<DM.  38°,46,  or  8M.8.  The  increase  of  light  was  rapid, 
and  a  maximum  was  passed  January  10.  Maximum  bright- 
ness, 5  steps  >  DM.  37°, 54,  and  =  DM.  36°,12,  or  6M.6  ;  this 
being  slightly  brighter  than  the  maximum  of  last  year,  its 
light  remained  apparently  constant  for  the  31  days  from  De- 
cember 29  to  January  29.  The  decrease  of  light  was  very 
slow,  and  when  last  observed,  March  17,  22  was  ;l  steps 
>DM.  37°,75,  2  or  3  steps  <  DM.  36°,39,  and  5  steps  <  DM. 
37°,42,  or  7M.3. 

2.     It  Leonis. 

Observations  were  begun  on  this  star  November  11,  1884, 
and  terminated  on  June  17,  1885,  owing  to  the  star's  near 
approach  to  the  sunset  horizon,  47  observations  being  ob- 
tained. When  first  seen,  on  November  14,  It  was  1  or  5  steps 
>  DM.  11°,2108,  and  3  steps  <  DM.  12°,2105,  or  7M.2.  The 
increase  of  light  was  regular,  but  not  very  rapid.  A  maxi- 
mum was  passed  about  December  24,  1884.  Maximum 
brightness  =  DM.  9°, 2188,  or  5\3  ;  this  being  nearly  H  mag- 
nitudes brighter  than  the  maximum  of  last  year.  The  series 
was  much  broken  near  the  maximum  by  cloudy  weather  and 
moonlight.     The  decrease  of  light  was  slow  and  regular,  and 


when  last  observed,  on  June  17,  It  was  1  steps  <DM. 
12°, 2094,  or  9M.9.  It  was  evidently  near  minimum  when 
the  observations  ended  ;  the  light  remaining  constant  from 
June  1  to  17.  From  May  9  the  observations  were  made  with 
the  refractor. 

3.     It  Leonis  Minoris. 

Observed  from  May  lu  to  July  15,  24  observations  being 
obtained.  When  first  observed,  May  10,  It  was  5-f-  steps 
<1)M.  35  ,2054,  or  about  9M.5.  The  increase  of  light  was 
rapid,  and  a  maximum  was  reached  on  June  20.  Maximum 
brightness  5  steps  >  DM.  33°,1907,  3  or  4  steps  >DM. 
34°,2022,  and  1  or  2  steps  <DM.  34°,2035,  or  6".8 ;  this 
being  about  half  a  magnitude  brighter  than  the  maximum 
last  year.  When  last  observed,  on  July  15,  It  was  1  steps 
>  I).M.  33°,1907,  1  or  2  steps  <  D.M.  34°,2022,  and  I  or  5 
steps  <I)M.  34°,2035,  or  7M.l. 

•1.     11  Bootis. 

This  star  was  observed  from  April  (3  till  July  10  ;  29  ob- 
servations. When  first  seen,  April  6,  It  was  5  steps  <  DM. 
27.°,2403,  or  about  9M.0.  The  increase  of  light  was  rapid 
until  April  16.  From  April  10  to  30  the  increase  was  very 
slow,  but  from  April  30  to  May  9  it  was  again  rapid.  The 
maximum  occurred  on  "May  16.  Maximum  brightness  =  3 
steps  > DM.  26°,2592  and  =  DM.  29°,2555,  i.e.,  7M.8,  or 
nearly  half  a  magnitude  fainter  than  the  observed  maximum 
last  year.  The  decrease  of  light  appeared  rather  rapid  and 
uniform,  and  when  last  observed,  on  July  10,  /'  was  5-(- 
steps  <I)M.  27°,2403,  or  about  9M.0. 
5.     It  Draconis. 

Observed  from  April  0  to  June  14,  27  observations,  and 
from  December  2  to  February  5,  1886,  22  observations. 
When  first  observed,  April  6,  It  was  5  steps  <  DM.  67°,943, 
or  about  9M.7.  The  increase  of  light  was  rapid  and  uniform. 
The  first  maximum  was  reached  on  May  7  ;  the  maximum 
brightness  being  2  steps  >  DM.  67°, 962,  and  2  steps  <  DM. 
68°, 883,  or  7M.8  ;  or  nearly  half  a  magnitude  fainter  than  the 
maximum  observed  last  year.  The  decrease  of  light  was 
rather  slow,  and  when  last  observed,  June  14,  R  was  2  or  3 
steps  >DM.  67°,943,  and  4  steps  <  DM.  67,°645,  or  8M.9. 
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The  second  maximum,  which  wasa  remarkably  bright  one,  was 
passed  1886  January  2.  Maximum  brightness  3  or  4  steps 
>  DM.  69  ,942,  =DM.68°,868,  and  4  steps  <  DM.  67°,930, 
or  6M.5.  'l'lie  interval  between  the  first  and  second  maximum 
=2-11)  days. 

6.  h'  Virginia. 
The  observations  of  this  star  extended  from  .May  2  to 
July  1-"'.  and  are  31  in  number,  R  was.",  steps  <  DM.  7°,2562, 
or  about  9M.8,  when  first  seen  on  May  2.  The  increase  of 
light  was  at  first  rather  slow;  but  afterwards  became  quite 
rapid.  A  maximum  was  passed  on  dune  13.  Maximum 
brightness  was  3  or  1  steps  >  DM.  8°,2619,  and  3  or  4  steps 

<  DM.  9°,2648,  or  7M.0,  being  of  about  the  same  brightness 
as  last  year.  When  last  observed,  July  15,  R  was  :>  steps 
<DM.  8°,2617,  or  7M.6. 

7.     U  Virginis. 
Only   five   observations   of   this   star    were  obtained,    the 
series  extending  from  March  17  to  April  G.     The  observa- 
tions were  begun  too  late  to  obtain  a   g I  determination  of 

the  maximum,  which  apparently  occurred  about  the  time  they 
commenced.  Brightness  =  1  or  2  steps  >  DM.  6V2673, 
and  2  steps  <DM.  7°,2588,  or  8«.l. 

8.  R  Ursae  Majoris. 

32  observations  were  obtained  on  this  star,  extending  from 
June  1  to  September  2.  When  first  observed,  on  June  1. 
j>  „.IS  5_|_  steps  <  DM.  70°,624,  or  about  9M.3.  The  in- 
i  rease  of  light  was  very  rapid  and  uniform,  and  a  maximum 
was  passed  on  July  1.  Maximum  brightness,  3  steps  >  DM. 
6'JV.77,  and  1  or  2  steps  <DM.  69°569,  or  7M.5.  The  de- 
crease, of  light  also  appeared  quite  rapid,  and  when  last  ob- 
served, on  September  2,  R  was  .">  steps  <  DM.  70°624,  or 
about  9M.3. 

9.  .v  Ursae  Majoris. 

This  star  was  observed  on  .".2  evenings,  from  April  6  to 
June  1  1.  When  first  seen,  on  April  6,  S  was  .".  steps  >  DM. 
61  ,1310,  and  4  or  5  steps  <  DM.  60°,1  U6,  or  8».3.  The 
increase  of  light  was  rather  slow,  and  a  maximum  was  pa — 1 
on  May  7.  Maximum  brightness,  t  steps  >  DM.  60°,1416, 
and  2  steps  <DM.  -j-62°,1257,  or  7M.7.  The  decrease  of 
light  appeared  somewhat  rapid,  and  when  last  observed. 
June  1  l,Swas—  DM.  61°,1311,  and  5  steps  <DM.  61°,13I0, 

or  9M.l. 

10.  T  Ursae  Majoris. 

Observed  from  May  9  to  August  15,  34  observations  being 
obtained.  On  the  date  of  the  first  observation,  May  9,  T 
was  5_j_  steps  <DM.  60  .1  108,  or  about  9M.0.  The  increase 
of  light  was  rapid,  and  a  maximum  was  passed  on  June  22. 
Maximum  brightness  =  DM.  C0°,1413,    and    4  or  .")    steps 

<  DM.  Go  ,1  tH',.  or  8M.5,  this  representing  a  faint  maximum. 
The  light  remained  apparently  constant  from  June  G  to  July 
8,  or  33  days.  The  decrease  of  light  after  July  1G  was 
rather  rapid,  and  when  last  observed,  on  August  15,  T  was  2 
or  3  steps  >  DM.  60°,1  108,  and  .">  steps  <DM.  0P.1311.  or 
Sm.7. 


11.  T  Herculis. 

Observed  from  April  18  to  May  15,  8  observations:  and 
from  September  25  to  November  9,  16  observations.  The 
first  maximum  occurred  about  April  20.  and  was  apparently 
a  faint  one.  (Observations  interrupted  from  April  20  to 
May  ■>. )  Maximum  brightness  4  or  5  steps  <  DM.  30°, 3142, 
or  about  8M.5.  The  second  maximum  (which  was  well  ob- 
served) occurred  on  <  Ictober  5.  Maximum  brightness  5  steps 
>  DM.  30°,31  12.  and  1  or  2  steps  <DM.  30  ,3133,  or  7". 4. 

12.  U  Herculis. 

This  star  was  under  observation  from  June  1  to  September 

12.  30  observations  being  obtained.  When  first  seen,  on 
June  1,  U  was  2  or  3  steps  >  DM.  19°,3097,  and  5  steps 
<DM.  19°,3094,  or  8M.8.  The  increase  of  light  was  rapid, 
and  a  maximum  was  reached  about  July  8.  Maximum  bright- 
ness 3  steps  >  DM.  19°,3092,  and  4  steps  <  DM.  19°,3089, 
or  7M.8.  The  decrease  of  light  also  appeared  quite  rapid, 
and  when  last  observed,  on  September  12.  U  was  2  steps 
<  DM.  19  ,3097,  and  :,-{-  steps  <  DM.  19°,3094,  or  8*. 9. 

1."'.     ;/  Herculis. 

A  very  fair  series  of  observations  was  obtained  on  this 
star.  65  in  number,  extending  from  April  17  to  December 
12.  The  fluctuations  of  light  were  very  decided  during  this 
year,  as  in  the  last,  and  7  maxima  and  minima  were  observed. 
The  three  maxima  occurred  on  June  4,  August  2(?)  and  Oc- 
tober 16,  showing  an  interval  of  59  days  between  the  first 
and  second,  while  the  interval  between  the  second  and  third 
maximum  is  considerably  longer,  or  7.")  days.  The  star  was 
again  near  maximum  when  the  observations  ended,  Decem- 
ber 12.  The  four  minima  occurred  on  April  29,  July  5,  Sep- 
tember 12.  and  November  18(?).  The  intervals  between 
the  different  minima  appeared  quite  regular;  or  67  days  be- 
tween the  first  and  second  minima.  69  days  between  the 
second  and  third,  and  G7  days  between  the  third  and  fourth. 
The  third  minimum  was  a  very  faint  one.  and  the  fourth  a 
bright  one. 

11.     R  ( 'oronae. 

This  interesting  star  was  under  observation  from  March  •"> 
to  December  2.  70  observations  being  obtained.  A' was  sub- 
ject to  numerous  fluctuations  of  light  during  the  year:  but, 
with  a  single  exception,  these  fluctuations  were  slight.  3  or  4 
Steps  only.  After  an  unusually  bright  phase,  which  occurred 
on  August  I.",  (light  =  DM.32.2G21.  or  6*.2),  A'  quite 
rapidly  decreased,  and  a  rather  faint  minimum  was  passed 
October  13.  Light  2  or  3  steps  >  DM.  28°,2475,  ami  :>  steps 
<DM.  3,1  .2771.  of  7M.T  When  last  observed.  December 
2,  U  was  .".—  steps  >  DM.  3IC2771.  and  3  or  4  steps  <  DM. 
30  ,2682,  •>,■  6*8. 

15.     S  '  'oro 

Observed  from  April  'J  to  July  12  ;  31  observations.  When 
first  seen.  April  9,  S  was  1  steps  >  DM.  S2°,2577,  or  8*.l. 
The  increase  of  light  was  quite  uniform,  but  not  very  rapid. 
The  maximum  occurred  May  11.  Maximum  brightness.  .'i 
sups  >  DM.   32°,2575  and  =DM.   32°,2578,  or  7M.7:  this 
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being  nearly  half  a  magnitude  fainter  than  the  maximum  of 
last  year.  When  last  observed,  on  .Inly  12,  S  was  1  or  2 
steps  <  DM.  32°,2573,  or  about  9M.0. 
10.  ,->  Pegasi. 
This  star  was  under  observation  from  January  It)  to  Feb- 
ruary 3,  and  from  July  15  to  January  1,  1886  ;  89  observa- 
tions being  obtained.     The  light   has   remained    apparently 

constant. 

17.     (3  Persi  i. 
One  fair  determination  of  a    minimum    was    obtained    on 
December  24,  at  7h  21'"  Camb.  M.T.      Duration  of  observa- 
tion, 3  hours. 

is.     /(  Persei. 

The  observations  on  this  star  were  continued  (from  the 
series  published  in  Astr.  Nachr.,  no.  2660,  and  extending  to 
January  1)  until  April  5,  and  also  from  August  15  to  Jan- 
uary 1,  1886;  3G  observations.  The  lighl  has  remained 
nearly  constant,  fluctuating  not  more  than  two  steps,  but  no 
decided  phases  have  been  observed. 

19.     a  <  'assiopi  •<•  . 

Observed  from  January  10  to  March  5,  and  from  Augusl 
6  to  January  1,  1886;  33  observations.  Tin-  light  has  re- 
mained apparently  constant. 

20.     T  Monocerotis. 

This  star  was  observed  from  November  10,  1884,  to  May 
.'!,  1885;  a  good  series  of  observations,  80  in  number  being 
obtained.  From  these  the  following  epochs  of  maxima  and 
minima  have  been  deduced,  in  Cambridge  M.T.,  using  the 
mean  light-curve  formed  from  the  1881-83  observations. 


Observed  Maxima 

Observed  Minima 

<1         h        I.. 

<1         h       i 

1884  Nov.  17    K)  21 

1884  > 

Dec.   12   14  32 

Dec.      7     3   11 

1885  Jan.    10   12  42 

188c 

Jan.      2   22   2:1 

Feb.     C   11      5 

29     5  36 

Mar.     5   10     2 

Feb.  22  18  55 

31  22   11 

.Mar.  21    11    31 

Apr.  27   15  55 

Apr.  20  15  26 

21.     U  Monocerotis. 

67  observations  of  this  star  were  obtained,  extending  from 
November  21,  1884,  to  May  10,  1885.  Serious  breaks  occur 
in  the  series,  notably  from  November  2(i  to  December  7, 
December  23  to  January  7,  and  January  21  to  February  2, 
occasioned  by  cloudy  weather.  Notwithstanding  these 
breaks  in  the  observations,  there  appears  to  be  au  irregularity 
in  the  light-changes,  and  bright  and  faint  maxima  and  mini- 
ma are  shown  by  the  light-curve.  The  following  times  of 
maxima  and  minima  have  been  determined  : 


Maximum  = 

1884  Dec.  12.5 

Light  = 

13.2 

1885  Jan.  23 

1G.2 

March  5 

18.2 

April  14 

13.3 

Minimum  = 

1885  Jan.  4.5 

Light  = 

—1.7 

Feb.  18 

3.8 

April  1.5 

3.9 

The  interval  between  the  1st  and  2d  maximum  =  41.5  days  ; 


between  the  2d  and  3d  maximum  =  41  days  ;  and  between 
the  3d  and  4th  maximum  =  40  days.  The  interval  between 
the  1st  and  2d  minimum  =  44.5  days,  and  between  the  2d 
and  3d  minimum  =;  42.5  days.  The  period,  apparently,  re- 
mained quite  regular  during  the  year. 

22.  X  Gygni. 

This  star  was  under  observation  from  November  17,  1885, 
to  January  26,  1880,  30  observations  being  obtained.  When 
first  seen,  on  November  17,  X  was  5  steps  <  DM.  32°, 358'.), 
or  about  8M  5.  The  increase  of  light,  although  quite  uniform, 
was  not  very  rapid.  The  star  passed  a  maximum  1880  Jan- 
uary 10.  Maximum  brightness,  2  or  3  steps  >  DM.  33°, 3587, 
and  1  step  <  DM.  29°,3684,  or  5M.3,  this  being  about  the 
same  brightness  as  the  maximum  last  year.  The  decrease 
of  light  was  not  well  observed,  owing  to  the  star's  near  ap- 
proach to  the  sunset  horizon.  When  last  seen,  January  26, 
|  was  5-f  steps  >DM.  32°, 3531,  and  2  steps  <  DM. 
33°,3587,  or  about  .V'.i;.  The  light  at  maximum  remained 
apparently  stationary  from  December  30.  1885,  to  January 
17.   1886,   19  days. 

23.  R  Scuti. 

A  fair  series  of  observations  (05  in  number),  was  ob- 
tained on  this  star,  extending  from  May  12  to  December  11. 
From  these  observations  3  maxima  and  2  minima  have  been 
deduced.  The  first  maximum,  a  faint  one,  occurred  on  June 
17,  light  =  17.2.  The  second  maximum  occurred  about 
August  10(?)  and  was  a  fairly  bright  one;  light  =  20.5. 
The  third  maximum  (of  nearly  the  same  brightness)  was 
passed  on  November  10;  light  =  19.0.  The  interval  from 
1st  to  2d  maximum  was  5  1  days,  and  from  2d  to  3d  maxi- 
mum, 07  days.  At  the  third  maximum  the  light,  remained 
apparently  stationary  for  11  days,  or  from  October  24  to 
November  7.  The  two  minima  occurred  July  14  and  Sep- 
tember 24.      The   first  minimum  was  a  bright  one,   light  = 

12.0,   while   the   se< d    was  a   faint   one,  light  =  8.4.      Tin' 

interval  between  the  two  minima  was  72  days. 

24.  36  (U.A.)  Ceti;  01'  15'"  20%  —20°  4.V.1  (1875.0) 
Observed  from  1885  September  30,  to  1886  February  5  ; 
31  observations.  When  first  seen,  on  September  30,  flic 
star  was  found  to  equal  21  {U.A)  Cell,  or  7M.0.  The  light 
remained  apparently  constant  from  September  30  to  Novem- 
ber 2,  when  a  break  occurs  in  the  observations  until  No- 
vember 27,  on  which  date  the  star  was  found  to  be  much 
brighter  and  =  6M.0.  The  increase  of  light  from  Novem- 
ber  27  was  quite  rapid,  although  irregular.  A  maximum 
was  passed  on  1886  January  9.  Maximum  brightness  =  18 
(  I  .A.)  Ceti,  and  5  steps  >  7  (  U.A.)  Ceti,  or  5M.4.  The  light 
at  maximum  remained  apparently  constant  from  December 
24,  1885,  to  January  20,  1886,  28  days.  This  star  is  un- 
doubtedly of  the  II  Scitti  type. 

25.     o  Ceti. 
A  good  series  of  observations  was  obtained  on  this  star,  ex- 
tending from  1884  October  9  to  1885  March  17  ;  50  observa- 
tions. 
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The  increase  of  light  was  very  rapid,  ami  a  maximum  was 
passed  February  in.  1885.  Maximum  brightness,  •">  steps 
>  ;-  Ceti  ami  4  steps  <  u  Ceti,  or  2M.7  ;  this  representing  a 
rather  bright  maximum.  The  light  remained  apparently  con- 
stant for  the  2'.'  days  from  January  26  to  February  23.  The 
decrease  of  light  could  not  lie  followed  after  March  17,  on 
which  day  the  star  was  —  y  Ceti,  or  about  3M.2. 
26.  U'(  ?)  Cygni  (Gore  1885). 
21h  30m  33\9      -4- 44°  4.T.7     (1855.0) 

At  the  request  of  Mr.  Gore,  observations  were  begun  on 
this  star  June  •'!,  1885.  A  few  observations  soon  established 
tin-  star's  variability  beyond  doubt.  The  observations  were 
continued  until  January  26,  1886,  ami  are  68  in  number. 
From  the  observations,  two  maxima  and  one  minimum  were 
determined.  The  first  maximum  was  passed  on  August  20. 
Maximum  brightness,  :i  steps  >  DM.   I  1°,3889,   ami   2  steps 


<  DM.  46°,3305,  or  about  6M.l.  The  second  maximum,  of 
about  the  same  brightness,  was  passed  on  December  1 6,  giving: 
a  period  of  1 18±  days,  this  being  about  one-half  the  length 
of  period  as  first  announced  by  the  discoverer.  The  mini- 
mum occurred  on  October  30.  Minimum  brightness,  1  or  2 
steps  >  DM.  43  .Kiol',  and  :;  or  1  steps  <  DM.  44°,3889,  or 
about  IP1. 7.  The  light-curve  exhibits  a  rather  rapid  and  uni- 
form increase,  with  a  somewhat  less  rapid  and  irregular  de- 
crease. Its  intense  red  color  renders  it  rather  a  difficult 
object  to  observe. 

27.  /.'  Aquarii. 
Observed  from  December  1.  1884,  to  February  3,  1885. 
The  observations,  when  charted,  exhibit  a  rapid  increase  and 
somewhat  rapid  decrease  of  light.  A  maximum  was  reached 
bs.s.'i  January  1.  Maximum  brightness  =:  26'J '*  (U.A.) 
Aquarii,  and  I  steps  <  266  (  U.A.)  A'j>i<n-ii.  or  about  7M.l. 


ELEMENTS  OF  COMET    L886  e 


[FROM     \    LETTER   OK    REV.    GEORGE    M.    SK.Utl.K 


1  have  computed  the  following  elements  for  Comet  1886  i 
{Finlay),  from  the  discovery-observation  September  20, 
with  two  others  made  by  myself  on  November  4  and  Decem- 
ber 14.  They  are  probably  hardly  as  accurate  as  they  ought 
to  be,  on  account  of  the  roughness  of  the  two  last  places. 
The  period  cannot  however  be  very  much  in  error. 

The  middle  place  is  represented  as  follows  : 

O— C 
AX  =  +1"        J/3  =  0" 

The    l>  is  within  the  errors  of  the  tables,  as  the  computa- 

New    York,  1SS7  .human/  3. 


I8SC.11 


tion  was  only  made  to  six  places. 

T  =  November  22.3703  Or.  M.T 

r  =    7°  27'  37" 
Q,  =  o2    24     4 

i    =    3      1    47 
log  a   =  0.553  13  I 
log  e    =  '.i..s:>7.s4  7 
l..g  7        9.999267 

Period  6y.7632 


OBSERVATIONS   OF   THE   COMET    1886  e  (finlay) 

MADE    A  I     llll.    DUDLEY    OBSERVATORY,    A1HANV. 

(Communicated  by  the  Director,  Prof.  Lewis  Boss.) 
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bJoj>ti>/  Mean   Places  (for  1886.0)  of  Comparison-Stars. 

* 

Red.  to 

s 

Red.  to 

a 

app.  place 

app.  place 

Authority 

15 

h        in        9 

21  42  59.2] 

+l".84 

—  15  39     1.2 

n 

+  14.2 

Wash.  (1879)  Transit  Circle 

16 

22  39  21.30 

2.02 

10  14  33.8 

15.0 

Argent.  Gen.  fatal.  30987 

17 

22  28     6.31 

L.97 

10  11   45.4 

15.2 

Argent.  Gen.  Catal.  30775  and  Yai.  9908 

18 

22  37     1.04 

2.00 

9  11  59.2 

15.2 

W.li.  752  and  Schj.  9291 

19 

22  38  16.57 

2.01 

1)  39  41.3 

15.2 

YV.B.  776  and  Rumk.  10552 

20 

22  38   14.66 

2.01 

9  37   11.5 

15.2 

W.i;.  774  and  Rumk.  10551 

21 

22  48  37.85 

2.02 

7  48  3.7.4 

15.3 

Newcomb  (St.  and  Zod.)  1041 

22 

22  58  28.00 

2.06 

7   18     8.9 

15.3 

Schj.  9475,  Yaniall  10151,  Berlin  (A.N.  69. 

p  78) 

23 

I'd  30  0:i.2s 

2.21 

—  3  35  32.7 

15.4 

Karlsruhe  and  Berlin  (A.N.  69,  p  78) 

24 

1   in  3(1.76 

+2.68 

+  9     1    27.4 

+13.8 

<  rlasgcw  303 

NOT 
This  series  of  observations  is  in  continuation  of  that  reported  in 
No.  147  of  this  Journal.     With  each  of   these  determinations   the 

tilar-mierometer  was  used.  The  aperture  of  the  telescope  is  13 
inches,  and  the  magnifying  power  employed  is  200.  On  December 
6  and  1G  fog  interfered  with  the  observations.  On  all  other  occa- 
sions the  conditions  for  observation  were  at  least  fair,  and  on  De- 
cember 17  excellent.  There  was  no  opportunity  to  observe  the 
comet  at  this  Observatory  between  December  27  and  January  18. 

There  is  an  error  of  1'  in  the  catalogue-declination  of  Weisse  752. 
The  seconds  of  declination  (reduced  to  188G)  for  Weisse  77ii  are: 
Lalande  (Von  Asten's  tables)  28". 4 ;  Bessefs  Zones  S9".4;  Rttmker 


F.S. 

13".3;  corresponding  respectively  to  observation  dates,  1800,  1823 
and  1850.  It  is  possible,  though  not  highly  probable,  that  these  dis- 
crepancies indicate  proper-motion. 

The  adopted  star-place  on  December 20  agrees  well  with  the  mean 
of  determinations  at  Pulkowa  and  Cordoba,  published  since  the 
compilation  of  Newcomb's  Catalogue. 

Weisse  123  does  not  agree  well  with  position  obtained  from  the 
Glasgow  Catalogue  for  use  on  January  18. 

The  observation  of  January  18  indicates  as  corrections  to  the 
Ephemeris  published  in  No.  150  of  this  Journal:  Ja.  =-f-2'.23; 
zf,j  =  +  5''.9. 


NOTE  ON  AN  INACCURACY  IX  THE  DEVELOPMENT  OF  A 
DIFFERENTIAL  REFRACTION  FORMULA. 

I'.v  S.  C.  CHANDLER,  Jr. 


If  it  be  not  considered  unnecessary  or  out  <>t'  place  in  the 
Journal,  I  should  like  to  note  a  curious  error,  which  lias  ap- 
parently escaped  notice  hitherto,  in  the  analysis  by  which 
the  effect  of  differential  refraction  is  reached  in  Brunnow's 
"Spherical  .  \stronomy. " 

J(8'  —  $)  =  k{o'—  8)  [tan  V 


By  treating  the  correction  in  question  as  composed  of 
two  parts,  one  the  same  as  for  the  filar-micrometer,  the 
other  equivalent  to  a  proper-motion  of  the  stars  while 
passing  through  the  ring.  Brunnow  gives  (Section  VII., 
Art.  45) 
cos  2ij4/-  tan  '  cos  ij  tan  u] 


&(«'  —  S) 


-D){8'—D) 

which,  he  says,  is  the  "expression  of  the  complete  collec- 
tion of  the  difference  of  declination  :"  adding  that  "we  can, 
in  most  cases,  neglect  the  terms  multiplied  by  tan  ",  and 
thus  we  obtain  simply"  eq.  (B),  which  is  identical  with  that 
of  Bessf.i.  (compare  Chauvenet  II..  eq.  (360)).  who  reaches 
it  by  an  entirely  different  development ;  namely,  through  the 
general  formulas  for  position-angle  and  distance. 

The  implication  here  is  that  Bessel's  form  is  less  exact 
than  the  one  above  given.  This,  however,  is  not  the  fact, 
as  the  terms  which  Brustnow  finds  it  necessary  to  ignore  to 
produce  the  ordinary  formula  have  no  existence.  It  may  be 
of  service  to  students  of  practical  astronomy  at  least,  to 
point  out  the  inadvertence  through  which  the  erroneous  terms 
are  introduced. 

In  adapting  the  formulas  for  proper-motion  to  the  case  of 
the  refraction,  the  expression  d2  =  /-  —  (l.~>t  cos  >;)-  in  Art. 

Cambridge,  1886  December  20. 


X  (1  +  tan  J2  sin  y  —  tan  "  cos  ij  tan  8) 


36  should  have   been  differentiated  with   reference  to   both  I 
and  8,  so  that  instead  of  eq  (A)  of  that  article,  we  have 

.  /,/  =  ilY—  +  yJS  tan  8 

The   value   of  .IIS  here   is   (3  tan    "  cos   /;  :   but   we   may   put 
fc  =  ^with  sufficient  precision,  since  in  eq.  (A)  of  Art.  42, 

—  is  nearlv  unity  and  —  is  verv  small.     Consequently    for 

dz  -         -  '/: 

the  erroneous  value  of  d8  given  in  Art.  J">.  we  must  substi- 
tute 


l.\  _ 


8  —  D 


(h  +  A'  tan  J  cos  it  tan  o] 


If  this  is  carried  through  the  development,  the  terms  in  tan  ', 
iu  the  equation  near  the  beginning  of  this  note,  vanish,  and 
it  is  left  in  the  precise  form  Bi  ssi  i    has  given. 
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RING-MICROMETER   OBSERVATIONS   OP   COMET   188G  e  (finlay) 

MADE    AT   THE    LEHIGH    DNIVBKSITY    OBSERVATORY 

By  C.  L.  DOOLITTLE. 
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Mean   Places  for  1886.0  of  Comparison— Stars. 
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HetMehem.  Pennsylvania,  1887  January  13. 


NOTE   ox    A    STAR-POSITION    IX    VAKNAL1/S   WASHINGTON    CATALOGUE. 


The  Star,  No.  7732  of  Lacaili.k,  was  used,  on  October  23 
of  thi.s  year,  both  at  Rome  and  at  Washington,  in  comparison 
with  the  Finlay  comet.  The  Washington  observations  con- 
tain seven  determinations  of  the  right-ascension,  and  six  of 
the  declination  of  this  star.  Some  confusion  lias  arisen  in 
regard  to  this  object  in  Yarxai.l's  Catalogue,  where  it  ap- 
pears  to   become   entangled    with    the  small  star  about  42" 


to  the  south,  and  also  to  have  been  mistaken  for  a  close 
double.  The  right-ascension  of  No.  7815'  should  stand  as 
it  is  in  Yarnai.i.'s  Catalogue,  but  the  declination  should  read 
— 26°  40' 38".9  ;  mean  year,  76.3:  number  of  observations, 
3.  No.  7816  should  be  stricken  out,  and  No.  7816' should 
rea.l  : 
18h  20- 13'.83    72.2    7    ."..740  1—  26°  39' .".  1 '  .9     6s.:-    611.77 
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It  appears  also  that  on  page  xvm.  of  the  introduction  of 
Yakxall's  Catalogue  (second  edition),  the  author  inadvert- 
ently omitted  to  insert  after  "  1*72,"  in  line  15,  the  words: 
"and  subsequent  years."  The  oversight  is  undoubtedly  due 
to  the  fact  that  the  statement  cited  was  correct  for  the  first 
edition,  but  does  not  apply  to  the  second  edition  which  con- 
tains later  material  of  observation. 

I  have  looked  up  the  position  of  this  star  in  a  few  cata- 
logues, and  herewith  submit  the  result  : 

188G  December  21. 


B.A.  1886.0    /?,"• 

()I)S. 

Decl. 

»"•     Obs. 

8h  21'"  51s.  9 

1 

—26° 

■M 

8".       1 

51.03 

1 

6.       1 

51.08 

1 

5.8     1 

.".  i .  i  o 

2 

7.4      2 

51.06 

,s 

8.0     8 

51.07 

7 

7.1     C 

50.92 

•i 

o 

7.5    :s 

Catalogue  No. 
l.acaille  7732 

Lalande  34007  V";;^;T~ 
Oeltzen's  Argel.  18262 
Cape(  1850)  3572 
Arg.  Gen. Cat.  25197 
Washington  7810 
Cape  (1880)  10006 

Adopted  position,  L886.0,  18  21   51.06  —26  39  7.7 

This  star  appears  to  have  no  sensible  proper-motion. 

LEWIS  BOSS. 


ELEMENTS   OF   COMET    L886  /  (barnard) 

BY    Likut.   WILLIAM    II.    ALLEN,    U.S.    Saw. 
[Communicated  by  the  Superintendent  of  the  Naval  Observatory,  Washington.] 


By  means  of  an  approximate  set  of  elements,  four  normal 
positions  of  this  comet  were  formed  ami  referred  to  the  mean 
equinox  of  1886. 0. 


1836  lierlin  M.T. 
Oct.      8.0 
Nov.    3.5 

■   Dec.     2.:. 
Dec.   10.0 


a 
160°  33' 4:;"..". 
179    12  43  .8 

2;;i  :;5  to  .5 

252    26   41    .0 


+    1 


8 

2;;'   o".i 

7    15   58  .1 

17    50  39  .4 

+16    57  40  .2 


No.  Obs. 

11 

4 

2 

2 


The  method   of  the  variation    of   the    geocentric   distances 
gave  the  following  elements  : 

T—  1886  Dec.  16.54300  Berlin  M.T. 
m  =    86°  21'  03".  1     ) 

y  Mea 


fi=  137    22  36 
i   =101    36  :<:> 
lug  q  =  9.821628 

I8M7  January  8. 


an  Eq.  1886.0 


The  residuals  of  the  normals  are,  ((' — (.)), 

//a  <os  8  *      .4$ 

Oct.      8.0         -f  0".2  -f-  0".3 

Nov.    3.5         -(-  3  •"'  —  7  .2 

Dec.     2.5          —10  .0  —25  .2 

Dec.   10.0         —  0  .6  —  0  .8 

The  equations  for  the  rectangular  coordinates  referred  to 
the  equator,  and  mean  equinox  1886.0,  are   ' 

x  =  r  (9.8741044)  sin  (r  -f-  6°  51'  23".9) 
*/  =  ;•  (9.8268043)  sin  (v  -\-  198  35  36  .0) 
z  =  r  (9.9977216)  sin  (v  +  102      4  46  .2) 

From  the  representation  of  the  normals  there  does  not  ap- 
pear to  be  much  evidence  of  eccentricity  in  this  orbit.  The 
last  two  positions  depend  on  observations  made  at  Washing- 
ton. 
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Dr.  KniK.i.ia:  has  forwarded  the  following  telegrams  from  Kiel,  by  the  Science  Observer  code: 

January  24.      "Comet  discovered  by  Thome,  at  Cordoba,  January  18.     It  will  become  very  brilliant.     Constellation  Grw. 
Physical  appearance  resembles  comet  of  1880." 

January  25.      '•Southern  comet  observed  at  Melbourne  roughly,  as  follows  : 

Jan.  20. ooo  Greenw.  M.T.         «  =  21h  20'"  28"         S  =  —44°  17' 
Daily  motion  -f-7"1  0"  in  «,  and  51'  southward." 

A  later  despatch  from  Dr.  Keueger  says:    "Orbit  of  Southern  comet  presents  a  close  resemblance  to  that   of  first  comet 
of  1880.     Perihelion,  January  1 1." 


The  morning  papers  of  January  20  contained  an  announcement  of  the  discovery  of  a  faint  comet,  in  the  constellation 
Dram,  by  Mr.  Brooks,  at  Phelps,  N.Y.,  on  the  previous  evening.  He  gave  its  place  at  7  p.m.,  as  about  18h  in  right- 
ascension,  and  — |— 71°  in  declination  ;  with  slow  eastwardly  motion. 


56  THE     ASTRONOMICAL     JOURNAL.  N°  151. 

Prof.  Boss  communicates  an  observation,  made  by  himself,  as  follows: 

& —  ^  $/'s  apparent  log  j>A 

Albany  M.T.  NTo.  Comp's  la  ]8  a  8  fora  forrf 

.l:m.  21.  14"  22"'  49s  21.7  +.V"14\36     -4-3' 5".  1  l*1'  23m  2CM7     +73°  53'  30".!)         n0.149      0.642 

Mean    Place  for  1887.0  of  Comparison-Star, 
a  Red.  8  Red. 

18"  18"' 15B.74         — 3*.93         -f-73*  50'  28".l         — 2".3         DM.  73°,817  ;  Bonn  VI. 

The  Editor  is  indebted  to  Mr.  Ritchie  for  an  early  copy  of  the  Science  Observer  Circular  containing  the  following  ad- 
ditional observations  : 

Greenw.  M.T.  App.  a  App.  8  Observer 

Washington,  Jan.  24.6503         18h  21'"  51\0         +73°  45'  2*"         Frisby 
Cambridge,  24.7657         18    22    58  .'.»  73    51   2'J  Wendell 

The  Superintendent  of  the  Washington  Observatory  has  also  communicated  the  later  observation: 

25.6496         18    33    11.1  74    37  26  Frisby 

The  very  close  proximity  of  the  place  of  this  comet  at  discovery  to  the  locus  of  probable  positions  for  the  same  date,  given 
by  Ginzel's  sweeping-ephemeris  for  the  periodic  comet  of  1815,  gave  rise  at  first  to  suspicions  of  identity,  which  were  how- 
ever soon  dispelled. 

C 
A  comet  was  delected  on  the  morning  of  January  21.  by  Prof.  Barnard,  at  Nashville,  Tenn.     He  describes  it  as  of  about 
the  tenth  magnitude,  and  gives  its  place  as  follows: 

Jan.  23.  23"  52"'  Greenw.  M.T.  19h  7"'  48  +25°  24' 

The  Science  Observer  Circular  gives  the  additional  observations : 

Greenw.  M.T.  a  8  Observer 

Cambridge,  Jan.  24.9442         19"  10"'  17.4         4-25°  57'  45".  1         Wendell 
Albany,  24.9578         19    10    20.0  25    58    15  Egbert 

Comet,  circular,  about  1'  in  diameter,  with  some  central  condensation. 


CORRIGENDA. 

Nn.  14s.  i).  29.     In  equations  (119)  and  (121  ,  «,  supply  the  second  number,  =0. 
p.  30.     In  col.  1,  line  2,  for  4-6.15  read  +0.15. 
p.  32.     In  col.  2,  line  3,  for  144s  read  24  Is. 
No.  150,  p.  40.     The  Ephemeris  is  for  Greenwich  mean  midnight,  and  was  so  marked  bj  Prof.  Boss,  although  the  heading  was  accidentally 
omitted  in  the  printed  copy, 
p.  48.     In  col.  1,  line  34,  for  <j)  read  >;>. 

In  col.  2,  lines  11  to  15,  the  light-equation  was  inadvertently  applied  witli  wrong  sign,  in  forming  tin-  series  of  heliocen- 
tric mean  times.     In  line  17.  a  better  value  for  the  epoch  would  lie  Dec.  9d  6h  I9ra. 


C  O  N  T  E  N  T  S  . 

Observations  of  Variable  Stars  in  1885,  iiy  Mr.  Edwin  F.  Sawyer. 

Elements  ok  the  Comet  1886  e  (Finlay),  nv  Rev.  George  M.  Searle. 

Observations  of  the  Comet  1886  e  (Finlay),  by  Prof.  Lewis  Boss. 

Note  on  an  Inaccuracy  in  the  Development  of  a  Differential-Refraction  Formula,  nv  Mi;.  S.  C.  Chandler,  Jr. 

Kino-Micrometer  Observations  of  Comet  1886  •    (Finlay),  by'  Prof.  C.  L.  Dooi.ittle. 

Note  on  a  Star-Position  in  Yarn-all's  Washington  Catalogue,  by  Prof.  Lewis  Hoss. 

Elements  of  Comet  1886/ (Barnard),  by  Lieut.  William  II.  Alien,  I".  S.  N. 

Three  New  Comets. 

Corrigenda. 
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SECOND   LIST   OF  NEBULAS   OBSERVED  AT   THE  LEANDER  McCORMICK 
OBSERVATORY,   AND 'SUPPOSED   TO  BE    NEW. 


BY   PliOF.    OI'.MoNn    STOXE,    DIKEOTOR   OF   THE   OBSERVATORY. 


No. 

R.A.  i 

Decl.  1S80.0 

M  Lg. 

- 

Form 

Condensation 

No. 
of 

.  ibs 

1 

U!  IS  V  "I 

Notes 

274 

h       in 

0     0.3 

—  14      1 

15.4 

• 
0.5 

pE  130 

sbMN 

L 

*^'?sf3    [D,P100°A0'.3 

275 

0     0.3 

14     1 

15.0 

0.2 

R 

sbMN 

1 

L 

276 

0     3.5 

12  44 

13.5 

el 

ii: 

1 

M 

1.5,  1'  Mi=A:''.0 

277 

0     5.7 

12  37 

14.5 

•   0.6 

R 

sbMN 

1 

M 

-14.5.  r  5d  a  i.i'.r, 

278 

0   12.4 

23  30 

14.5 

0.2 

R 

gbM 

1 

M 

Lsl  of  2 

279 

0  12.5 

23  34 

1  1.5 

1.0X0.3 

i:  225 

1 

M 

2d  of  2;  »9,  P5°  A  1'.2 

280 

0  14 

—23     8 

15.3 

0.2 

iF 

1 

M 

•  ':  :    -:'.  V  280    A  2'.8 

281 

0  21 

—  3   11 

vF 

h 

R 

lbM 

1 

L 

►8.5,  p  36!  ii  2':  a  doubtful 

282 

0  26 

23   14 

15.0 

0.3 

IE  LOO 

1 

M 

1st  of  .".  :   %11.  n  O'.o 

283 

(i  26 

23  11 

15.(1 

0.3X0.1 

in  K  190° 

1 

M 

2d  of  :'. 

284 

(i  26 

23  16 

1  1.8 

0.2 

R 

1 

M 

3d  of  :! 

285 

0  31.0 

11    13 

15.3 

0.4 

IE  17H 

1 

L 

.11.  np  ic 

286 

0  31.0 

23  59 

14.0 

0.8 

iR 

gbM 

1 

L 

287 

0  31.0 

23  13 

15.0 

ti.:.  X0.1 

E  30° 

1 

M 

•  lc  P30°  A  3'.2 

288 

0  31.5 

23  13 

L5.8 

1.0X0.3 

1 

M 

289 

0  32.0 

28  11 

14.7 

0.2X0.1 

E  1  75 

1 

M 

*? 

290 

0  32.1 

—is  27 

1 5 . 5 

0.1 

R 

1 

L 

L*  up 

291 

0  37.2 

—24   13 

16.0 

0.1 

R 

bMN 

1 

L 

292 

(i  37.5 

24   10 

15.0 

0.5 

R 

bMN 

1 

L 

293 

0  37.7 

24     8 

15.0 

0.5 

i; 

bMN 

1 

L 

294 

0  45.5 

23   18 

16.0 

0.8X0.3 

E  265° 

1 

M 

•11,  P  m    A  3'.2 

295 

0  52 

21    26 

14.5 

0.7 

E  100° 

sbMN 

1 

L 

env  15.5  :   *10  ii 

296 

0  53 

3  19 

15.5 

0.3 

R 

LbM 

1 

L 

*  1  2,  nf  3' :  ({  doubtful 

297 

0  55.5 

23  49 

16.0 

0.4 

iR 

sbMN 

1 

M 

■  .-  :    1st  of  2 

298 

0  55.5 

23  50 

16.0 

0.3 

iR 

sbMN 

1 

M 

»  r  ;   2d  of  2 

299 

0  59.4 

12  44 

16.0 

l.dXO.2 

E  1 75D 

bu 

1 

M 

3  st  12,  np  30s 

300 

1     5.3 

—18  45 

16.0 

0.1 

V, 

1 

L 

301 

1     5 

—  3  24 

16.0 

0  8 

vlE  170= 

1 

L 

tt  doubtful 

302 

1   15.1 

22  5  7 

16.3 

0.1 

R 

sbMN 

1 

L 

303 

1   15.4 

9  48 

1  1.6 

0.4 

R 

gbMN 

2 

L 

*12.5,  np  1':  *12.  nf  2' 

304 

1   15.5 

10  27 

15.8 

0.2 

R 

1 

L 

neb? 

305 

1   21.5 

23   18 

15.0 

0.2X0.1 

E  175° 

1 

M 

1st  of  3;  *11,  P  75°  Al'.G 

306 

1   21.5 

23  20 

15.5 

0.5 

iR 

1 

M 

2d  of  3 

307 

1   21.5 

23  16 

15.5 

0.2 

R 

1 

M 

3d  of  3 

308 

1  25. G 

18  55 

15.5 

0.3 

R 

1 

L 

309 

1   26.4 

12  36 

13.5 

0.3 

R 

gbMN 

1 

M 

•Ki.  P  240°  A  2' 

310 

1  27.6 

—12  46 

13.0 

0.8 

R 

gbM 

1 

M 

311 

1  27.9 

—12  47 

14.5 

0.2 

R 

gbMN 

1 

M 

f(310),  P  115"  A  4' 

312 

1  29 

—20  43  | 

15.0 

0.2 

R 

vgbM 

1 

M 

•  10,  P  280°  A  2'.4 
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No. 

i;..\.  18 

Decl.  1S90.0 

Mag. 

Size 

Form 

Condensation 

No. 

of 

Obs. 

Obsv'r 

N  [>H 

313 

h        in 

1    29 

o        i 

—2d    12 

eF 

vS 

M 

f(312),  P  60°  A  0'.5;  vF*? 

314 

1    29.7 

10  21 

14.5 

0.;, 

IE  160 

L 

env  15.5 

315 

1   :;i.l 

9   5  7 

15.S 

O.C, 

IE  17o 

lbMN 

L 

•10.  s  4' 

3 1 6 

1   34.8 

9  49 

15.0 

1.2 

IE  160° 

bMN 

L 

1st  of  2;  »8,  f  16" 

317 

1   35.0 

:>  .-,ii 

15.8 

0.1 

pE  180° 

UNI**? 

L 

2d  of  2 

318 

1   39.5 

2:;  30 

1 5 . ;, 

0.:; 

R 

NI 

*10,  P320°  A  1'.6 

319 

1   45.1 

12  35 

11;.  11 

l.oxi'. 1 

E  lo.V 

Imp 

NI 

curved  ;  *9.5,  p  22' 

320 

1  46.6 

—  !>  38 

15.7 

0.8X0.3 

E  90' 

glbMN 

L 

•  14,  lip  2' 

321 

1   50.8 

—  10     0 

15.8 

o.s 

IE  180° 

L 

322 

1    51 

:;  36 

vF 

\S 

R? 

L 

«.  doubtful 

323 

1   52.8 

10     6 

16.0 

1. 3X  0.3 

E  160° 

L 

324 

1  59.4 

:i  38 

15.6 

0.1 

R 

L 

neb? ;  *10,  s  1' 

325 

2     4.0 

22  35 

14.0 

0.4 

R 

gbMN 

NI 

326 

2     4 

22  58 

15.5 

0..S 

vE  0° 

L 

*10,  n  1' 

327 

2     5.1 

22  52 

14.S 

0.5 

R 

L 

neb? 

3-28 

2     8.1 

2:;    l 

16.0 

1.3 

R? 

L 

329 

2   11.1 

23  42 

15.5 

0.3X0.1 

E  170° 

NI 

%?;  *10,  P3200  A  2'.8 

330 

2   12.2 

-2.",   5  1 

15.7 

0.2 

R 

L 

331 

2    12.4 

-   9  29 

1(1.0 

O.S 

iR 

bM  (N?) 

L 

332 

2   12.8 

1    11 

15.8 

0.2 

R 

sbMN 

L 

333 

2   15.4 

23  38 

16.0 

0.1 

E? 

L 

ii.'l,? 

33  1 

2    17.!l 

9   14 

16.0 

0.1 

R 

E 

*':': ;  *9,  p  20" 

335 

2   21.2 

12  35 

15.3 

0.6X0.2 

E   170° 

M 

*8.5,  P  15°  A  3'.8 

336 

2   23.9 

22  52 

16.3 

o.l 

E  0° 

L 

-       V. 

*  •  ' 

3:17 

2   25.S 

!i   47 

15.5 

0.2 

R 

1. 

neb? :  *9,  sp  30' 

338 

2   25.s 

7   2  1 

15.5 

1.5X1.D 

E  230° 

S 

*10  at  end 

339 

2  2C.3 

4  43 

15.5 

0.5 

R 

gbM 

L 

r 

340 

2  27 

—20   22 

15.0 

R 

L 

■ '.'.  sp  2' 

341 

2  29.3 

—  9   17 

13.8 

vS 

R 

bMN 

L 

env  1(1.0:   X  O'.l 

342 

2   .".2.5 

10     0 

15.0 

0.1 

iR 

NI 

1st  of  2 

343 

2  32.7 

:i  59 

15.0 

0.2X0.1 

E  lso 

M 

2d  of  2 

344 

2  33.7 

9  16 

15.5 

1.5 

iE   190° 

sbNIX 

I. 

345 

2  36.8 

:i  50 

16.0 

0.5 

R 

L 

. 

346 

2  37.7 

9   1.", 

15.:; 

0.3XO.1 

pE  180° 

L 

.  p  16s;  »9,  f  15- 

347 

2  39.1 

9  54 

1  5 .  .■> 

0.1 

R 

M 

»9.5,  f  30s  s  2'.  same  :is(",  15  i  ? 

348 

2  42.5 

22    11 

15.7 

0.2 

R 

L 

349 

2  4:1.5 

8   17 

15.8 

2.8X0.3 

E  348° 

L 

350 

2    17.1 

—  1)    16 

14.0 

051X0.2 

IE  45° 

L 

*12,  ni>  !'•  *12,  nf  2' 

351 

2    19.8 

—  9   34 

15.0 

0.4X0.2 

E  lso' 

NI 

*9.5,  f  25-  11  1' 

352 

2  52.2 

8     7 

16.0 

0.5 

E  135° 

1. 

fan-shaped,  radiating  from  *  14 

353 

2  57.5 

9   3  1 

15.7 

O.S 

pE  15° 

1. 

354 

;;     0.0 

6  ■'<■'> 

15.5 

0.3 

S 

wide  %,  P  4.V  A  4' 

355 

.".     0.7 

9   16 

15.6 

0.2 

vlE  180° 

L 

356 

:'.    :;.! 

4  41 

15.5 

0.2X0.1 

E  170 

L 

*P  1 7:, ' 

357 

3     3.6 

4   .11 

15.0 

0.3 

R 

gbMN 

L 

1st  of  2 

358 

3     3.8 

1   31 

15.5 

0.2 

R 

L 

2,1  of  2 

359 

3      1..". 

2:1  21 

15.5 

o.l 

R 

gbM 

L 

lsl  of  2 

360 

3     4.3 

—23   21 

16.0 

0.1 

R 

gbM 

L 

2,1  of  2 

3G1 

3     4.5 

—2.".   2(1 

L 

»?? 

362 

3     5.1) 

s   16 

1H.2 

0.(1 

iR 

L 

1  or  2  eF  st  inv  ;  *9,  p  30' 

363 

:;    5.1 

9     5 

13.0 

o.l 

E   170' 

M 

*     V 

*  • 

364 

.",      9.  1 

22   12 

15.6 

1.2 

vlK  0' 

L 

(i.e.  (Ki5.  s  12' 

365 

3   11.2 

1:1  28 

15.3 

0.2 

R 

L 

366 

3  16.8 

1   57 

15..", 

0.2 

R 

L 

-'.>..-,.  f  s-  n  ">' 

367 

3   18.3 

4   34 

16.0 

2.0 

E    170 

L 

*10,  with  eF  neb  s:  »16  in  M ': 

368 

3  20.6 

1    :ll 

1 1.;, 

0.1 

R 

bMN 

1. 

369 

3  25.0 

—22  39 

1(1.0 

1.OX0.8 

E   130° 

si,  MX 

L 
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No. 

RA.  1890.0 

Decl.  1S90.0 

Mag. 

Size 

Form 

Condensation 

N 
•  it 
Otis 

Obsv'r 

Notes 

370 

h        m 

3  2D.  1 

o        1 

—  6  37 

15.5 

0.1 

gbMN 

1 

S 

371 

3  29.7 

—  in    12 

14.5 

0.5 

vlK  170° 

•_> 

M 

P  75°  A  2 '.5  with  neb  disc  bv  Burnham 

372 

3  33.2 

19  24 

14.0 

1.0X0.6 

E  260° 

1 

M 

373 

3  33.5 

18  42 

15.4 

0.4 

R 

gbMN 

1 

L 

1st  of  3.  ime  of  which  is 

G.C.  742 

374 

3  33.7 

18  38 

14.5 

ii.  4X1'.  2 

E  170° 

sbMN 

1 

L 

3d  of  3 

3  75 

3  34.6 

22  45 

14.0 

ii. 1 

1 

L 

neb* 

376 

3  34.6 

18  53 

15.0 

n.2 

R 

gbM 

1 

1. 

377 

3  36.1 

22     5 

15.8 

1.6X0.1 

E0° 

bMN 

1 

L 

378 

3  36.2 

23     8 

1. -..:, 

0.5 

R 

1 

M 

-.7.  nr;  *8.C.  n  2' 

379 

3  37.6 

22      3 

1 5 . 5 

0.8X0.2 

E  £ 

1 

I. 

380 

3  • 

—18  35 

15.4 

0.6X0.4 

E  20° 

sbMN 

-> 

L 

381 

i  3  38.1 

—  5      4 

15.2 

0.2 

R 

gbM 

1 

L 

1st  of  2,  one  of  which  is 

G.C.  763;  *10, 

'(  3  38.6 

5      1 

1 5 . 5 

0.3X0.2 

E  180° 

gbMN 

1 

L 

2d  of  2 

[P  i:' 

382 

3  39.1 

10     2 

15.3 

H. 1 

R 

1 

M 

•8.5,  f  2-V  ii  ;;' 

383 

3  40.4 

10   12 

14..". 

0.3 

i; 

1 

M 

I,  P  330°  A  2' 

384 

3  40.5 

9    2.", 

14.5 

ii.l 

R 

1 

L 

neb?  ;   -7.5.  f  13s  n  1' 

- 

3  41 

21      2 

14.5 

U.II5 

li 

1 

M 

»?;  *9.5,  P  240°  A  3'.2 

386 

3  41.1 

is  .V.i 

14.7 

n..", 

IE  30° 

sbMN 

1 

I. 

387 

3   4  2 

is  35 

13.0 

ii..", 

R 

1 

L 

O;  neb? 

38 

3  46. 7 

9   11 

15.0 

0  3 

R 

1 

M 

P  185°  A  4'.2 

389 

3  47.9 

:i  2n 

15.0 

0.8X0.2 

E  1 

1 

M 

■,.    p  20s  -  2' 

390 

3    i 

-    8   27 

15.3 

ii. 1 

R 

1 

L 

-14.  up  4' 

391 

3  49.1 

-in  32 

16.0 

0.6X0.1 

1 

M 

1-!  of  2:  neb%,  P  170° 

392 

3  49.3 

Hi  :',;, 

15.5 

ii. 4 

iR 

1 

M 

2d  of  2  :      in.  f  30s 

393 

3  52.1 

22     8 

15.8 

n.2 

i; 

1 

L 

394 

3  53.4 

19     _ 

15.0 

1.0X0.6 

E  190° 

1 

31 

395 

1  20.7 

10  21 

13.5 

1.0 

R 

1 

M 

-:>.."■.  P  185° A  2' 

396 

4  27..". 

1   49 

1 5 . 5 

n.2 

R 

bMN 

1 

L 

397 

4  31.8 

:,  13 

15.0 

n.2 

R 

1 

L 

*8,  np  12s 

398 

4  33.1 

19     8 

16.0 

0.1 

R 

1 

L 

4  33.9 

15.0 

0.2 

R 

1 

31 

400 

5  17.1 

-23  56 

14.0 

3.0X1.8 

E  240° 

1 

M 

*8,  P  245°  A  0'.6 

401 

8  15.6 

—  8  .",7 

15.8 

1.0 

1 

s 

it:  *7.5.  P50°  A  5' 

4(12 

8  18.6 

4  37 

13.5 

0.4 

R 

sbMN 

1 

31 

1st  of  4 

403 

8  18.8 

1   36 

14.0 

(1.5 

R 

1 

M 

2d  of  4 

404 

8  18.9 

1    :;3 

14.ii 

11.5 

R 

1 

31 

3d  of  4 

405 

8  19.0 

4  35 

16.2 

0.8 

R 

1 

31 

4th  of  4:  neb? 

406 

8  37.7 

:;   13 

12.0 

U.7X0.3 

E  50° 

u'MstellN 

1 

S 

*9,  P  240°  A  0'.8 

407 

8  41.0 

is  55 

11.0 

0.6 

R 

"  gbMN 

1 

31 

1  408 

9     0.1 

is  ;;:i 

15.0 

0.4 

R 

1 

31 

1 st  of  3 

409 

9     0.5 

18  36 

15.0 

1 

31 

2d  of  3;  *? 

410 

9     0.6 

—18  36 

15.2 

0.5X0.4 

E  180° 

1 

31 

3d  of  3 

411 

9  19 

—  :i  :.7 

15.3 

n.4 

R 

1 

31 

10'  p  (412  i  :   a  9    24'"? 

412 

9  19 

ii  ;>7 

14..". 

1.2X0.6 

E  170° 

gbM 

1 

31 

bet  2  st  12  and  14 

413 

9   20: 

6  15 

13.5 

0.4 

gbM 

1 

s 

414 

9   34 

9  39 

15.5 

0.6 

iR 

sbM 

1 

M 

*9.5,  f  30' 

415 

9   34.2 

is  40 

12.0 

0.4 

R 

1 

31 

»9.5,  P130°  A3'.8 

416 

9    J 

2  21 

15.0 

n.2 

1 

s 

•11,  P300c  A  3' 

417 

9  45.0 

11   44 

15.7 

0.2 

R 

gbsbMN 

1 

L 

418 

9  49 

9  52 

14.0 

0.6 

vlE  200° 

"gbMN 

1 

31 

419 

10     3.1 

11  27 

16.2 

0.2 

R 

1 

L 

• 

420 

10     4 

—11   24 

16.0 

ii. 1 

R 

1 

L 

1st  of  2 

421 

10     4 

—11   16 

15.6 

0.1 

R 

1 

L 

2d  of  2 

422 

10   20.4 

16  42 

15.7 

n. 1 

IE  180° 

gbM 

1 

L 

*7.5,  n  6' 

423 

10  32.8 

11     5 

15.7 

1.0 

vE  160° 

1 

L 

*np  end 

424 

10  34.5 

—23  15 

14.0 

0.8 

vlK  180° 

1 

31 

€0 
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425 
426 
427 
428 
429 
430 

431 
432 
433 

4:!:» 
436 
437 
438 
439 
44(1 

441 
442 
443 
444 
44."> 
446 
117 
lis 
449 
450 

451 
452 
453 
454 
455 
456 
457 
458 
4  .V.I 
460 


10  35.0 

10  44.;) 
1 5 . 1 
45.9 
49.0 

."0.7 


11 

11 
11 
11 
11 
11 
11 
11 
11 
11 


0.1 
4.0 
1  t.8 
I  l.s 
15.2 
2D 
22.2 
23.0 
23.6 
25.4 


11 

11 


11  27.0 
11  27.0 
27.2 
27.3 
11  27.8 
11  31.8 
11  32.8 
II  .11 

I  1  38  8 

II  39.1 

11  47.2 
11  49. 5 

11  49.8 

12  7 
12  9.5 
12  41.0 

12  56.1 

13  9.0 
13  9.2 
21  5 


101 

21 

34.5 

4  (12 

21 

34.5 

463 

21 

13 

4i.;  i 

21 

;,i 

465 

21 

53 

466 

22 

1.5 

167 

22 

16 

468 

22 

22..". 

469 

22 

35.5 

470 

22 

58.0 

471 

2:; 

5 

172 

2:; 

8 

473 

23 

li.:, 

474 

23 

is 

475 

23 

13.2 

4  70 

2;; 

57.6 

—23  20 
16  27 
16  38 
16  2C 


16 

-  6 


26 

58 


-17  21 

12  4.S 
8  24 
8  24 

7  30 
10   1 

8  33 
10  51 

8  23 
-10  28 

-  s  ;,i 

9  i 
9  6 

13  16 
0  o 
s  I  I 
8  21 

S  .V.I 

8  to 

-  8  41 

-lo  49 
lo  16 
s 
.",2 
58 
59 
55 
36 


18 

8 
10 

3 

3 

3 

3  35 
-23  32 


—22 
22 
12 

—12 

+  o 

-23 
22 
22 
23 

—23 


58 

56 

18 

7 

;»4 

32 
17 
42 
28 

30 


—22  21 
23  29 
22  46 
12  36 
22  3!) 

—  12  36 


13.5 
16.0 
15.4 
L5.0 

14.0 
1 ."> .  ."> 

15.3 
12.0 
15. 5 
L5.5 
15.8 
15.0 
16.0 
15.6 
15.2 
16.0 

15.5 
15.2 
15.0 
15.2 
15.6 
14.5 
15.8 
14.8 
1  1.5 
15.6 

10. 0 
10.0 

15.0 
16.0 
15.5 

1  ."> .  ."> 
15.7 
15.5 
15.8 
15.5 

1  l.o 
1  1.:; 
10.0 
14.0 
15.7 
15.5 
L3.0 
15.0 
L5.0 
15.8 

15.8 
16.0 
15.8 

1 1.;. 
l  ."> .  ."> 

15.2 


o.l 

0.3 

0.2 
0.6X0.2 
1.0X0.3 

0.3 

0.1 

0.1 
O.l 
0.4 
0.2 
O.l 
O.l 
0.1 
0.2 

0.1 

0.2 

0.4 

o.l 

o.:. 

o.l 
0.2X0.1 
0.3X0.2 

0..", 
0.1 

0.8X0.5 

o.l 

0.2 
(i.:; 
o.l 
o.l 
0.1 
0.2 
O.l 
0.5 

o.;; 

0.2 
vS 


0.2 
0.4 

II. 1 

0.3X0.1 

0.2 

o.:; 

o.:; 

o.7 

0.2X0.1 

0.3 

0.5X0.2 


iK 

E  200° 

B 

E  130° 


iK 

R 

R 

R 
IE  0° 
R 
R 
R? 

R 
R 
R 
R 

140° 
R 


II 


E  180° 

IK  70' 
R 

E  160° 
R 

R 
R 
It 
R 
R 
E  15° 
iK 


R 

R 
vlE 

R 
E  330° 
E  175° 
IK  85° 

E  21  Ml 

iK 
iK 

K  2oi r 

iK 

K  mi 


<  Condensation 


gbM 

sb* 
pgbMN 
gbsbMN 
gbsbMN 


gpmbM 

bMN 
bMN 


gbM 

bMN 
elbM 


gbM 

sbMN 
sbMN 
gbMN 
elbuM 


gbM 

gbsbMN 

gbM 

gvlbM 

I.. MX 

gbM  X 

slbMN 

bMN 

bMN 
gbM 


gbM 
gbMN 


gbM 


biN,  bn 
sbM 


sl.M  ? 
bup 

sbM 


No 
.,] 
Obs. 


M 
L 
L 
L 
L 
s 

L 
M 
L 
L 
S 
M 
L 
L 
L 
L 

L 
L 
L 

L 
L 
L 
L 
L 
L 
L 

L 
L 
s 
L 
L 
1, 
L 
L 
L 
M 

M 
M 
M 
M 
L 
M 
M 
M 
M 
M 

M 
M 
M 
M 
M 
M 


2  \F  ^t  inv  in  eF  ueb 
*8.5,  s  6' 


rr  ;  prob  vF  CI ;  *9,  P  120°  A  5' 

sev  vK  st  inv 

neb*  ;  *12,  P  40°  A  2'.1 

D;   P85°  A0'.4;   ,12.  p  3' 

2  st  10  f 

*10,  uf;  *  10,  sf 


*10,  p  305;  *10,  f  30" 
*9,  s  4' 


1st  of  2 
2,1  of  2 
•  11,  sf  1' 

»io,  p  i.v 

another  neb  or  eF*  p  0'.5  :  *9  up  3' 


*9.5,  [>  3" 


•9.5,  np  l' 

•  10,  P  340°  A  4' 

*10,  f  15' 

neb? :  *  f  2" 
G.C.  3300  sp  4' 
Lsl  of  2 

2.1  of  2 


1  st  of  2 
2,1  of  2 
neb?;  *9.5,  P  95c  A  2 

-    (9.5,  1'  m    a  2'.s 
4  vF  st  from  1'  to ■  1'  n 
*10.  P  .V  A  3'.2 

•  11,  P  280   A  P.5 
slightly  nebulous*, 
1) 

3  si  in.  p  20! 

*  y 

■  in.  P  75°  A  ."..2 
»10,  P  290°  A  I'.l 
neb?;  *9,  P  lo   A  3'.6 
•.10,  nf  50= 
»8.5,  I'  38s;   *9,  np  10' 


S  =Ormon,l  Stone  ;  L=  E.  P.  Leavenworth  ;  M  =  Frank 

Muller. 
After  our  copy   had  gone  to  press,  no.  0  of  our  last  list 


was  found  t,i  be  identical  with  nebula  no.  2.  catalogue  no. 
I.  of  nebulas  discovered  at  t  lie  Warner  Observatory  (A.N. 
2752).      Xo.  1  16  was  also  found  to  lie  G.C.  998.      Its  right- 
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ascension  in  the  General  Catalogue  is  probably  2'"  too  small, 
that  given  in  the  note  as  brought  up  from  C.H.  being  right. 

University  of  Virginia,  1887  January  26. 


The  right-ascension  of  nos.  89-93  should  be  2h  58"'  instead 
of  3''  1'". 


RIXG-MICROMETER   OBSERVATIONS   OF   COMET   1886  c  (finlay) 


MADE   AT   THE    LEHIGH    UNIVERSITY   OBSERVATORY 

By  C.  L.  DOOLITTLE. 


1887       Greenwich  M.T. 

* 

No. 

Comp. 

la                      lh 

£/'*  apparent 
a                              8 

log/>A 

for  a             for  & 

h       m        a 

Jan.  25     13  35  24.1 
26     12  34  25.2 

s 
t 

5 

6 

111            8 

+4   20.02 
-f-0  43.33 

—  2  28.9 
—14  32.9 

h       m        s 

1   42  40.38 
1  46  37.12 

o       i        u 

+12   13   14.9 
-j-12  37  23.8 

9.462 
9.323 

0.667 
0.639 

Mean  Places  for 

1886.0  of  Comparison- 

-Stars. 

* 

a 

Red.  to 

app.  place 

8 

Red.  to 
app.  place 

Authority 

8 

t 

h          iti         9 

1  38  17.5:; 
1  45  50.91 

+2'.83 
-j-2.88 

+  12°15'3o'.'9 
12  51  44.2 

n 

12.9 
12.6 

W.  Bessel  1668 
W.  Bessel  1 786 

FILAR-MICROMETER   OBSERVATIONS   OF   COMETS   1887  &  (brooks) 

AND    1887  c    (BARNARD) 


MADE    AT    THE    DUDLEY    OBSERVATORY,    ALBANY. 


1887  Albany  M.T. 

* 

No. 
Comp. 

Aa                 z/8 

^/'s  apparent 
a                        8 

log  pA 

for  a     \      for  (5 

o 

COMET  1887  I 

i 

Jan.   24 

h         III         8 

1  1   22  49 

a 

21  ,  7 

+  5"'l4':i6 

i       a 
+3     5.1 

h          m         H 

18  23  26.17 

o           1           II 

+73  53  30.9 

nO.149 

0.642 

B 

26 

15  50  43 

b 

15  ,  5 

—  8     1.90 

+2   11.3 

18  49   14.90 

+  75  40   19.9 

n0.240 

0.377 

B 

27 

11     5  37 

c 

3  ,  1 

—12     6.33 

—  2  21.6 

19     1     7.41 

+  76   19  56.8 

»9.782 

0.885 

B 

29 

10  53  45 

d 

15  ,  5 

—  1   54.51 

+2  36.4 

19  36  27.5:; 

+77  50  45.0 

8.763 

0.882 

B 

Feb.     9 

8  34  22 

e 

12  ,  1 

—  8     3.5(1 

—5  59.7 

0  32  33.80 

+  77  45   16.0 

0.305 

9.275 

B 

COMET  1887  c 

Jan.   24 

18     4  12 

1 

7,  7 

+   1    19.09 

—3     2.4 

19   10   19.99 

+25  58   14.3 

n9.662 

0.652 

E 

26 

18     7  13 

2 

9,3 

—  6     9.53 

+3  26.8 

19   15  45.14 

+27  12  13.1 

»9.330 

0.635 

B 

Adopted  Mean 

Places  for   1S87.0  of   Comparison-Stars. 

* 

a 

Red.  to 

app.  place 

8 

Red.  to 

app  place 

Authority 

« 

h        m        8 

18  18  15.74 

—3.93 

o        f           U 

+73  50  28.1 

ii 
—  2.3 

DM.  73°,817;  Bonn  VI. 

b 

18  57  21.12 

—4.32 

75  38     9.1 

—  0.5 

Radcliffe  and  Kasan,  A.G.  Zones 

c 

19   13  18.24 

—4.50 

76  22   18.2 

+  0.2 

Greenwich  Nine-Year  Catalogue 

d 

19  38  26.93 

—4.86 

77  48     7.4 

+  1.2 

Kasan,  A.G.  Zones 

e 

0  40  38.96 

—1.66 

77  51     4.4 

+  11.3 

Fed.  116  (i  Wt.)  and  Oe.  Argel.  720 

1 

19     9     2.44 

—1.54 

26     1   16.0 

+  0.7 

W.  Bessel,  19h,216 

2 

19  21  56.20 

—  1.53 

+27     8  45.9 

+  0.4 

W.  Bessel  624  and  comp.  with  ditto  625 

The  observation  marked  E  was  made  by  Mr.  H.  V.  Egbert  ;  those  marked  B  by  Prof.  Boss. 
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EXCHANGE   OF  LOXGITUDE-SH.NALS  BETWEEN   ST.  LOUIS  AXD  MEXICO. 


The  longitude  of  the  National  Observatory  of  Mexico  has 
recently  been  determined  by  a  direct  exchange  of  clock- 
signals  with  this  Observatory.  The  Observatorio  National, 
formerly  at  Chapultepec,  is  now  at  Tacubaya,  about  six 
miles  from  the  city  of  Mexico.  The  outfit  of  the  Observa- 
tory includes  an  equatorial  of  1">  inches  aperture,  by  Grubb, 
and  a  meridian-circle  of  8  inches  aperture,  by  Trough-ton  & 
SiMM~.  almost  a  duplicate  of  the  Harvard  College  instru- 
ment. 

The  time-observations  at  Tacubaya  were  made  by  Sr. 
Anguiano,  Director  of  the  Observatory,  with  a  large 
Troughton  &  Simms  Altazimuth  of  3  inches  aperture, 
used  as  a  transit-instrument.  At  St.  Louis,  the  time- 
observations  were  made  by  myself  with  a  3-inch  Faith 
Transit.  At  each  station  the  clock-correction  was  de- 
termined mi  each  night  for  two  epochs,  one  before  and 
one  after  the  time  of  exchange.  The  probable  error  of 
the  clock-correction  on  any  night  was  about  zfcO'.Ol  at 
each  station.  From  comparisons  made  at  the  city  of 
Mexico  in  August,  1885,  about  the  middle  of  the  series,  a 
personal  equation  between  Sr.  Anguiano  and  myself  was 
found,  amounting  to  +  0M39  taken  in  the  sense  F  —  A. 
and  this  value  has  been  used    in    the   results  given  below. 


The  circuit  was  2580  miles  in  length,  and  contained  seven 
repeaters.     The  individual  results  are  as  follows: 


1885 

j/  by  Signals. 

St.  Louis  to      Tac.  to  St. 
lac                 Louis. 

Mean. 

Arma- 
ture 
Time. 

May   15 

35  5 7.1  -_'."> 

III             S 

35  57.852 

35m57.l" 

0.363 

June    2 

57.076 

57.791 

.".7.433 

0.357 

Nov.  25 

57.116 

57.759 

57.437 

0.321 

Her.       3 

57.003 

57.587 

57.295 

0.292 

Dee.  2:1 

57.084 

57.725 

57.404 

0.320 

h 

Tacubaya  west  of  St.  Louis        0 

in        s                     s 

35  57.41±0.02 

St.  Louis  west  of  Greenwich       C 

0 

49.16  ±0.01 

Tacubaya  wot  of  Greenwich      0 

36 

46.57±0.02 

To  this  should  be  applied  the  correction.  — 0*.03,  to  re- 
duce it  to  the  pier  of  the  large  meridian-circle  :  giving,  as  a 
tiual  value  of  the  longitude,  6h  36™  46\.">4.  The  value  here- 
tofore in  use,  derived  from  moon-culminations,  was  6b  36m 

418.6,  nearly  .V  in  error. 

H.  S.  PRITCIIFTT. 


OBSERVATIONS   OF   COMETS 


MADE    WITH    THE    9.6    INCH    EQUATORIAL    AT    THE    U.S.     NAVAL    OBSERVATORY 

By  Prof.  E.  FRISBY. 
I  ( iomrnunicated  by  the  Superintendent.) 


Washington  M.T. 

* 

Xo. 

#- 

* 

-  apparent 

los ,  A 

18S6-1--7 

Comp. 

Ja. 

jh 

a 

8 

for  a           for  <5 

COMET  1886  e   {FINLAT.) 

h        in         * 

in          s 

I            " 

h        m      s 

o          »          It 

Dec.  16     8     8  36.7 

1 

20  ,  4 

—o  35.07 

—  2  19.7 

22  32  55.04 

—10   12  54.5 

9.551 

0.795 

20     7     8  50.4 

2 

20  .  4 

—1   26.33 

—  3     4.8 

22  :<:',   18.48 

—  7  51   41.1 

9.401 

0.887 

21     6  13  31.3 

3 

20  .  1 

—()   15.62 

+  0  51.1 

22  58   14.40 

—  7   17     3.4 

It.  184 

0.800 

Jan.  10     6  57  21.1 

4 

10  .  2 

—2  58.65 

—  0  53.3 

0  36  47. oo 

+  4  I:.  :.7.;> 

9.295 

- 

12     7    17  50.5 

5 

19  ,  4 

—o  40.21 

—10     5.9 

0  46     8.90 

+  5  52  53.2 

9.450 

0.693 

L8     7  11  38.9 

6 

20  ,  4 

—1   38.54 

+  3      1.8 

1    12  48. SO 

-|-  8  58  50.0 

!i.."..".D 

0.654 

22     7  41  51.3 

7 

1.".  .  3 

—4  50.63 

+10     3.9 

1   3o      1.96 

+10  53     9.2 

9.429 

0.649 

COMET  1 

887  5   {BROOKs.) 

Jan.  24  10  28  17.7 

8 

20.  4 

+3  34.68 

—  4  57.6        IS  21    47.00 

+73    I.",  2S.2 

)«9.220 

0.010 

■i:,  lo  27  14.5 

9 

I.".  ,  3 

—0  44.02 

+  6  53.7 

18  33  11.07 

+74  37  45.5 

r»9.041 

0.909 

Jan.  31   17  31   20.4 


10 


20  .  4 


COMET  1887  c  {BARNARD.) 

—1   29.45    |  +  941.4  |     19  28  39.55 


+30  18     7.7      ((0.715      0 
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Adopted   Mean    Places  for   1886.0  and    1887.0  of  Comparison— Stars. 


* 

Red.  to 

s 

Red.  to 

Authority 

app.  place 

app.  place 

h      m       s 

o          t          II 

" 

1 

22  •■,..".  28.12 

-f-1.99 

—10  10  50.0 

+15.2 

WB.  XXII.  672 

2 

22  .".1  42.76 

+2.05 

—  7  48  51.4 

+  15.1 

SDM.  —  7;.  5907 

3 

22  58  28.05 

+2.06 

—  7  18     9.7 

+15.2 

|  ,  vVeisse  +  2  Schj.) 

i 

0  oil  46. -JO 

—0.55 

+  4  46  55.9 

—  5.1 

WB.  o.  *:■:> 

5 

0  46  49.64 

—0.53 

+  C     3     4.1 

—  5.0 

WB.  o.  7-7 

6 

1    U  27.94 

—0.51 

+  8  55  53.7 

—  5.5 

WB.  I.  193 

7 

1  34  55. '.14 

—0.35 

+10  43   11.1 

—  5.8 

WB.  I.  587 

8 

18  18  15.75 

—3.43 

+73  50  28.1 

—  2.3 

I!. .mi  VI.  +73°,  -17 

9 

18  33  58.93 

— •"•  - 

+74  30  53.1 

—  1.3 

u.  Ai-tr-.  X.  18492 

10 

19  31  10.51) 

—1.50 

+30     8  27.1 

—  0.8 

Leiden  Zones  07.80  and  60.81 

The    position   of    SDM.  — 7  .  5907    was   obtained,  1887    January  12  and  15,  by  comparing  it  with  WB.  XXII.  1203 
z  Schj.  9475,  giving  double  weight  to  Schjellerup. 
The  position  of  Brooks's  comet.  January  25,  was  telegraphed  20"  wrong  :  this  position  is  right. 


KIXG-MICROMETER  observations  of  comets 

MADE   AT   TUT.   VANDERBELT    UNIVERSITY    OBSERVATORY 

By  E.  E.  BARNARD. 


1SS7 


Nashville  M.T. 


Comp. 


da. 


Jh 


Comparison- Star. 


(  OMET   1887  b   I  BROOKS.) 


Jan.   23     14   29  47 


Jan.  23     17  36  47 
26     17  59    11 


+1   24. 


—  0  45.3  18  12  9     +7:;  2.5   (Eq.  pointings) 


(('MET   1887c    {BARNARD.) 


— 1  31.03 
+4  29.40 


11  53.6  DM.  25°,3757  =  Lai.  3617:' 

-  2     7.0         DM.  27  ,3313  =  Lai.  36293,4 


The  comet  1887c  was  discovered  at  Nashville  od  the  morning  of  January  21.  at  about  4h  45m.  with  the  five-inch  refractor, 
while  seeking  comets.     It  was  of  average  size,  about  10*,  very  slight  central  condensation,  round. 


ELEMENTS   AND   EPELEMERIS   OF   COMET   1887  b   (brooks.) 


By   LEWIS   BOSS. 


The  elements  of  Comet  1887  b,  here  given,  are  based  upon 
Albany  observations  of  January  24  and  29,  and  February  9, 
already  reported  to  the  Journal.    # 

Elements. 

T  =  1887  March  16.7117  Greenwich  M.T. 
w  =  i:,.s3  53'  30    I 
Q   =  271)     43    18       lss7. 
i    =  104    22    33    ) 
los  q    =  0.21372 


.0 


Comparison  with  the  middle  place  gives  (C — O)  : 

J),  cos  (1,  =  — 6"  ;  A$=  —14" 
Dudley  Observatory,  18S7  February  10. 


Ephemeris  for  Greenwii  ii  Midnight. 


Date  1887. 

a 

8 

102  A 

Light 

February  13 

1  40     8 

+  74     4.5 

0.1125 

1.3 

15 

2     3  49 

71    54.2 

0.1143 

1.3 

17 

2  22  40 

6'J  38.7 

0.1171 

1.8 

19 

■1  38     2 

67  19.9 

0.1207 

1.3 

21 

2  50    18 

65     0.1 

0.1252 

1.2 

25 

.",   10  54 

60  24.0 

0  1362 

1.2 

March          1 

3  26   16 

55  58.2 

0.1498 

1.1 

5 

3  38  37 

51   47.4 

0.1652 

1.1 

9 

3  48  58 

47  53. 7 

0.1819 

1.0 

13 

3  57  :>^ 

44   17.5 

0.1995 

0.9 

17 

4     5  52 

40  58.6 

0.2175 

0.8 

21 

4   13     4 

37  56.1 

0.2356 

0.8 

The  unit  of  Light  is  referred  to  the  date  of  discovery. 
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OX   THE   XEW   TAMABLE   NEAR   2,  ORIOXIS. 


5h  47m  13s,         +20° 

By  EDWIN  F. 

The  first  opportunity  of  observing  this  variable  (the   so 
called  Nova),  after  its  announced  discovery  by  Gore,  was  on 
the  evening  of  December  19,  1885,  in  strong  moonlight.     It 
was   found   to  be   =DM.   19°,1110,  and  5+  steps  <HM 
190,112G,  or  about  6M.4.     At  the  next  observation,  Decem- 
ber 24.  it  was  observed  to  be   somewhat   fainter,  showing 
that  it  had  passed  its  maximum.     The   observations    were 
continued  until  March  10,  1886,  on  which  date  the  star  was 
p>  DM.  20°,1168,aud4steps<DM.  20°,1 1  71 ,  or  8M.6 
The  variable  was  again  looked  for  on  November  IS,  18.sc 
and  found  to  be  3  or  4  steps  <  DM.  19°,U06,  or  about  7M.2 
The  increase  of  light  from  this  date  appeared   quite   rapid 
and   uniform.      A  maximum   was  passed  on  December   13 
1886,  the  greatest  brightness  being  2  steps  >  DM.  20°,115G 
and  3  steps  <  DM.  19°,  1110,  or  6M.6,  which  was  somewhat 
fainter  than   last  year.     The  star  is  now,  18*7  January  27 
5+  steps  <DM.19°,1106,  and  2  or:!  steps  >  DM.  20°,U71, 
or  about  7M.7.     The  adopted  comparison-stars  and  light-scale 

are  as   follows  : 

1855.0 

o  h  111        5  of 

a  =  DM.  19.1126  =  5  4G  22.0     +19  43.6 
b  =  19,1110  -  5  43  48.7     -j-19  49.4 

c  =  20,1156  =  5  44  42.3     +20   15.8 

Cambridgeport,  Moss..  1887  January  27. 


llilL'. 

L 

6.3 

30.9 

6.0 

25.4 

7.2 

20.0 

8'.8 

(1855.0). 

SAWYER. 

1855.0 

M 

1            111          s 

o 

1 

d  = 

DM. 

19,1106 

= 

.i 

43 

18.7 

+19 

28.6 

6 

e  ?= 

20.1171 

= 

;j 

47 

0.1 

+20 

26.2 

8 

/  = 

20,1168 

= 

5 

4G 

36.6 

+20 

25.5 

8 

14.7 
8.7 
3.1 


The  following  are 

the  light-values  observed 

oneac 

h  evening  : 

Light 

Light 

1885  Dec. 

19 

25.4* 

1886  £ 

21 

15.3 

24 

22.4 

24 

16.8 

28 

21.2 

2G 

17.3 

29 

20.4 

27 

17.3 

;',i) 

20.4 

28 

20.2 

18SG  Jan. 

1 

19.7 

Dec. 

1 

20.2* 

5 

L7.8 

8 

21.2* 

6 

17. G 

14 

22.2 

7 

17.1 

16 

22.2 

10 

17.1* 

20 

22.2 

12 

17.1* 

21 

22.2 

13 

1G.6* 

• 

25 

20.2 

23 

11.0 

27 

18.6 

Feb. 

1 

9.2: 

28 

18.6 

5 

8.1 

1887 

Jan. 

2 

17. 8* 

8 

7.4* 

11 

14. 'J: 

28 

4.1  : 

13 

14.9: 

Mar. 

L0 

4.1  : 

16 

13.5 

Xo\ 

18 

11.2 

27 

10.2 

COMET   1887  c 

The  almost  unprecedentedly  bad  weather,  which  has  pre- 
vailed during  February,  has  prevented  all  observation  of 
the  comet  discovered.  January  23,  by  Barnard,  at  Nashville. 
It  seems,  therefore,  well  to  transcribe  from  the  circular  is- 
sued by  the  Science  Observer,  February  1 ,  the  first  elements 
and  ephemeris  of  this  comet,  computed  by  Mr.  Egbert,  at 
Albany. 

The  elements  were  deduced  from  the  observations  at  Nash- 
ville, January  23,  and  at  Albany,  January  24  and  26. 

T  =  Dec.  2.087C  Greeuw.  M.T. 

m   =      35°     7' 

Q,    =  25S    52 

i  =     85    46 

log.  q   =  0.17970 


C— O 
.//.  coso' =  +0'.02 

/  ■;         =  —o  .04 

Ephemeris  for  Greenwich  Midnk.iit. 


log  A 


Feb. 


Light  at  discovery  taken  as  unity. 


Light 


•_> 

19  34 

+31    18 

0.3327 

0.94 

6 

19    16 

33  4.s 

0.3330 

0.93 

in 

19  58 

3G   18 

0.3340 

0.88 

14 

20  11 

38  47 

0.3360 

0.84 

18 

20  24 

41    14 

0.3388 

0.81 

22 

20  38 

+43  38 

0.3424 

0.77 

CONTENTS. 
Second  List  of  Nebulas  Observed  at  the  Leanoer  McCormick  Observatory,  and  Supposed  to  be  New.  by-  Prof.  Ormoxd  Stone. 
Ring-Micrometer  Observations  of  Comet  I886e  (Finiay),  by  Prof.  C.  L.  Doolittle. 

Filar-Micrometer  Observations  of  Comets  1S876  (Brooks)  and  1SS7c  (Barnard),  at  the  Dudley  Observatory.  Albany. 
Exchange  of  Longitude-Signals  Between  St.  Louis  and  Mexico,  by'  Prof.  H.  S.  Pritchett. 
Observation  of  Comets  at  the  U.  S.  N.  Observatory,  by'  Prof.  E.  Frisby. 
Ping-Micrometer  Observations  of  Comets    by  Prof.  E.  E.  Barnard. 
Elements  and  Ephemeris  of  Comet  18S7  b  (Brooks),  by  Prof.  Lewis  Boss. 
On  the  New  Variable  Near  Xy  Orionis,  by  Mr.  Edwin  F.  Sawyer. 
Comet  1887  c. 

Published  in  Boston,  semi-monthly,  by  B.  a.  Gould.    Address.  Cambridge,  Mass.    Price,  $5.00  the  volume.  Press  of  Thos.  P.  Nichols,  Lv.n.v,  Mass. 

Entered  at  the  Post  Office,  at  Boston,  Mass.,  as  second-class  matter.       Closed  February  14. 


THE 


ASTRONOMICAL    JOURNAL. 


>o.  153. 


VOL.   VII. 


BOSTON,     1887     FEBRUARY    28. 


NO.  9. 


OX   THE   SPECTRA   OF    THE   NEW   VARIABLE   IX   ORION,   OF   CERTAIN 
TEMPORARY   STARS,   AND   OF   THE   NEBULAS. 


By   ORRAT  T.    SHERMAN. 


Shortly  after  the  discovery  of  the  star  near  ,\\  Orionis,  it 
was  announced  that  bright  lines  formed  a  portion  of  its  - 
tram.  The  announcement  quickly  followed  that  these  were 
simply  the  effect  of  contrast.  The  Dun  Edit  observers  com- 
pared its  spectrum  to  that  of  hydro-carbon.  The  interpre- 
tation was  disputed.  Amid  this  discussion  it  seemed  venture- 
some to  launch  a  series  of  observations  whose  interpretation 
was  not  evident.  Since  then,  however,  we  have,  instrument- 
ally,  studied  the  spectrum  of  :!  Lyrae  and.  historically,  that 
of  certain  of  the  temporary  ^tar>.  The  result,  though  con- 
ditioned by  the  inherent  inaccuracy  of  the  stellar  data,  and 
by  the  over-fullness  of  one  of  the  comparison-spectra,  seems 
yet  not  without  value  and  interest. 

In  the  following  table  are  gathered  those  observations  upon 
T  Coronae  which  have  come  under  my  notice.  The  first  col- 
umn gives  the  wave-length  ;  the  second,  the  description  of  the 
line  observed.  The  letter  appended  refers  to  the  observer 
or  authority.     The  third    and    fourth  columns  contain  the 


wave-lengths  of  the  lines  in  the  comparison-spectra  to  which 
the  stellar  spectra  have  reference.  The  intensities  are  ap- 
pended. No  weight  is  attached  to  the  identification  of  the 
Wolf  and  Rayet  lines,  other  than  to  show  that  they  are 
amenable  to  the  same  explanation  as  the  spectra  observed  by 
Huggins.  or  Sri  ink  and  Carpenter.  Hcggixs  observed  on 
May  15  and  17.  and  gives  us  C,  F,  434?,  471.  407.  Stone 
and  Carpenter  observed  on  May  20,  22.  23,  24,  28,  and 
June  7.  and  gives  us  502.  F,  467.  463.  "Wolf  and  Rayet 
observed  upon  May  20.  During  Huggins's  observations  the 
star  was  of  the  3.6  to  4.9  magnitudes.  On  "Wolf  and  Ravet's 
of  the  6th,  and  during  the  period  covered  by  Stone  and  Car- 
penter, from  6M.2  to  the  9th  magnitude.  The  change  in  the 
spectrum  during  the  interval  was  apparently  toward  a  dimi- 
nution of  the  electrical  excitation  of  the  hydrogen,  lagging 
slightly  behind  the  dimming  of  the  interior  light.  A  similar 
change  is  found  in  the  bright-line  stars. 


T  Coronat 


;. 

Remarks 

Hydrogen 

Oxygen 

/ 

i 

X 

i 

C         a 

c 

5887.87 
5883.52 

6 
6 

Asset  brillante,  semble  correspondre  a  D  (6) 

5878.08 
5871.38 
5868.76 

4 
4 
4 

Uhe  ligne  brillante,  maisfaible  (6) 

5812.00 
5504.50 

6 
4 

Une   bande  brillante,  a  In  limite  a  pen  prds  du 

5498.45 

4 

jaune  et  du  vert,     (b) 

5494. 7:t 
5480.04 

5015.87 

3 

4 

4 

502       c 

5014.13 
5012.21 

4 

4-5 
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;. 

Remarks 

Hydrogen 

Oxygen 

/ 

i 

/. 

i 

486 

abc 

The  most  brilliant ;  narrow  and  sharply  defined,  a 
The  second  in  brilliancy,  b 

F 

471± 

a 

rather  over  £  distance  from  F  to  G 

4  721'..;:; 
4718.33 

3 
4 

470.90 
470.46 
469.85 

6 
10 

8 

467 

ac 

double  or  undefined  at  the  edge 

4683.00 
4681.66 
4679.60 

3 

2 
2 

467.54 

466.07 

* 

4633.10 

4 

464.80 

12 

463 

c 

4630.68 

4 

4 04. 06 

7 

4626.86 

3-9 

463.74 

6 

434 

?a 

Near  G  :  seen  by  glimpses 

434  ? 

436.62 
435.35 

434.90 
434.69 

4 
5 
6 

5 

The  description,  coupled  with  the  intensities,  refers  the 
lines  471  and  467  to  oxygen  rather  than  to  hydrogen,  while 
463  and  434  are  very  likely  due  to  both. 


We  pass  to  Nova  Andromedae.     Two  observers  detected 
bright  lines. 


Nova  Andromedae. 


/. 

Remarks 

Hydrogen 

Oxygen 

557.5 

de 

Center  of  maximum  of  the  oxygen  negative  glow 

• 2 

549.9 
549.2 

558.1 

548.2 

d 

Perhaps  traced  over  nucleus  of  nebula 
Mean  between  545.7  and  550.8 

549.0 
5  48.8 
548.6 

."■48.3 
547.6 

532.8 

532.1 

Se 

From  time  to  time  other  bright  lines  in  this  re- 
gion were  also  suspected  (d) 

532.6 
532.1 
532.0 

532.9 

486. 

e 

Apparently  to  the  whole  nebula 

F 

It  will  be  noticed  that  both  observers  suspected  one  of  the 
lines  referable  to  hydrogen  to  belong  to  the  nebula. 

We  pass  next  to  Nova  Cygni.  Upon  this  star  we  have 
fortunately  a  large  number  of  observers,  and  the  tabulation 


at  different  dates  allows  us  to  show  how.  in  the  decline  of 
the  star,  certain  lines  appeared  at  certain  stages,  though  un- 
seen before  and  after 
giving  observations  are  not  more  continuous 


It  is  to  be  regretted  that  wave-length 


a.  Huggins.     Proc.  Royal  Society,  Vol.  15,  1866. 

b.  Wolf  and  Rayet.     Comptes  Hendus,  T.  LXII. 

c.  Stone  and  Carpenter.     Monthly  Notices,  Vol.  XX  VI. 

d.  Maunder.     Monthly  Notices,  Vol.  XLVI. 

e.  Sherman.     American  Journal  of  Science,  Vol.  XXX.,  1885. 
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Nova  Cygni. 


X 

December 

January 

|Feb. 

Sept. 

Oct. 

Dec. 

Aecept'd 

2-5 

5-8 

2,8,9 

7,8 

18 

27,  13 

3 

10 

6 

values 

676.1 

03  ft 

676.1 

661. 

656. 

656.2 
594.  ? 

656.1 

C  ~. 

ic  -*■ 

03    S3 

656.1 

594.? 

583.1 

588. 

588. 

589.5 
579.5 

589. 
580. 

580.4 

579.4 

1>   0> 

tt  u   . 

~  ~z  >"• 

-  -  a 
•~  ~  ~ 

-  -  "* 

EC 
OJ 

= 

CJ 
*^ 
S3 

588.5 
583.1 

579.8 

563. 
532.4 

531. 

526  5 

575.9 

574.5 

"          3 

3 
c 

CJ 
SO 

< 

574.7 

563. 
531.7 

526.5 

519.7 

517. 

512.7 
507.5 

517. 

519.7 

517. 
512.7 

507.5 

502.1 

5031.5 

500.9 

502.8 

500. 

498.0 

500.7 

500.0 

499.7 

501.3 

499.5 

499.4 

502.0 

500.3 
498.0 

495.3 

493.9 

492.2 

491.2 

493.8 
491.2 

485.8 

483. 

485.8 
474. 

470. 

486.7 

486.1 

486.1 

486.1 

485.6 
474. 

470. 

466.9 

465.0 

466.6 

466.2 

459.0 

451. 

461.5 

461.5 

460.1 
451. 

436.7 

435. 

434.? 

414.? 

434.7 

437.6 

436.0 

414.? 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1  aud  10.     Backhouse,  Monthly  Notices,  Vol.  39.     The  observations  are  not  separated. 
2.     Corsu,  Comptes  Bendus,  83.  5.     Secchi,  Astr.  Nachr.,  no.  2116. 

3  and  6.     Vogel,  Monatsbericht.    Berlin,  1877  and  1878. 

4,  7,  8,  9.     Oopelaxd  and  Lohse,  Copernicus,  Vol.  II.     The  two  observations  marked  with  an  interrogation,  though  given  in  Astro- 
jiomische  Xachrichten,  2117,  are  not  given  in  the  observer's  later  summary. 


Bright  Lines  in  Nova  Cygni. 

X 

Remarks 

Hydrogen 

Oxygen 

X 

Remarks 

Hydrogen 

Oxygen 

676.1 
656.1 

"a  mere  reddish  glow." 
Feb.  13 

C.    The    brightest  line  in  the 
spectrum  on  Dec.  3-5  was, 
on  Jan.  8,  already  very  dim- 
curt  to  see.     On   Jan.   1G   it 
was  "  nicht  mehr  zu  sehen," 
also  on  Feb.  17 

677.0 
675.12 

O 

594. 
588.5 

Probably  a  faint  band 
Very  narrow  line 

594.91 
594.68 
593.79 
593.07 

588.78 
588.35 
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X 

Remarks 

Hydrogen 

Oxygen 

X 

Remarks 

Hydrogen 

Oxygen 

583.54 

Faint  in  December,  growing 

500.93 

583.1 

583.23 

in  brilliancy  till  it  over- 

500.86 

5s:;. 05 

500.33 

powers  and  remains  after 
all    other    lines    in    the 

500.43 
499.90 

581.28 

spectrum 

499.12 

5.S0.G8 

Not  observed  in  December. 

580.56 

498.43 

579.8 

Jan.  2,  very  bright  band. 
Jan.  9,  very  narrow  line. 

580.40 
580.05 
579.43 

579.42 

498.20 

In  December    a   band    from 
407-409.  Later  a  portion 

498.17 
498.05 
497.97 

497.75 

Feb.  13,  excessively  faint 

of  the  preceding  band 

579.13 

497.46 

579. OS 

493.61 

564.15 

493.67 

A  line  or  as  the  edge  of  above 

493.51 

494.22 

563. 

563.34 

band 

492  94 

494.02 

562.93 

192.92 

562.58 

491.2 

491.30 

492.37 

532.84 

491.29 

190.65 

532.48 

I  >ec.  5,  \  civ  bright,  probably 

5  32.  05 

486. 

F 

185.62 

531.7 

seen  also  in  Nova  Andro- 

531.99 

medae 

5:;  1.58 
531.10 
530.97 

5i".l. 08 

470. 

Band  4*9-470 

470.71 
470.5  1 

470.90 
170.46 
469.85 

467.54 

526.5 

Dec.  5-8  only,  a  band  from 
528-526 

528.26 

52  7.  I'D 
526.58 
526.37 

508.45 

466.2 

Faint  band  163-167 

163.53 

463.32 

466.07 

-164.93 
■161. SO 
46-1.  01; 
163.74 

508.10 

507.98 

460.3 

Faint  line 

461.75 

459.51 
158.99 

507.5 

Dec.  5-8,  only  507-509 

507.19 
507.  is 
506.95 
5(16.74 

451.3 

44II.7 

436. 6  2 

506.33 

436.0 

134.0 

135.35 

434.90 

505.42 

434.69 

501.09 

503.89 

414.? 

415.2? 

502.8 

Jan.  2-9 

502.96 
501.41 
501.22 
5IMI.75 
500.27 

And  also  the  following  lines,  which  appear  to  indicate  the 
presence  of  carbon,  although  it  is  not  necessary  to  presume 


that  such  is  the  case.     Probably  they  are  due  to  both  oxygen. 
hydrogen  and  their  carbon  compounds. 
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519. 


517.0 


512.7 

474. 
470. 


Remarks 


Probablv  not  seen  after  Jan.  2 


Bright  band  in  December,   not 
seen  after  Jan.  8 


Not  seen  after  Dee.  8 

Not  seen  after  Dec.  8 
Not  seen  after  Dee.  8 


<  >xygen 

Hydrogen 

Carbon 
Compounds 

520.59 

519.89 
519.59 

517.77 
517.23 

.".17.09 

519.7 

516.68 

516.39 

516.43 

516.38 

515.93 

515.95 
513.48 

513.24 

512.84 

512.55 

474.05 

473.73 

as  above 

469.84 

We  pass  next  to  the  star  near  )';  Orionis,  remarking  only 
that  it  gives  us  pleasure  to  recognize  the  traces  of  an  atmos- 
phere as  at  least  a  cooperator  in  the  change  iu  brightu> 
this  variable. a>     A  similar  case  is  found  in  p  Lyrae.iS) 

We  tabulate  as  before,  first  the  observed  lines.     In   the 
Dun  Echt  and  New  Haven  series  the  Dumber  of  days  upon 


which  the  line  in  question  was  observed  is  also  given.  The 
Dun  Echt  scries  represents  three  days  of  observation,  the 
New  Haven  series,  nine. 


(2)    American  Journal  of  Science,  February.  1SS7. 
(1)    Astronomticke  SachrictUen,  Nws.  275tj,  2755. 


Copeland 

Koukoly 

Von  Gothard 

Sherman 

Mian 

Remarks 

/. 

l>ay> 

X 

X 

/ 

Daj  s 

632.9 

4 
1 

652.3 
632.9 

614.6 

601.7 

6 

2 

614.6 

601.7 

587.5 

594.9 
587.5 

1 

7 

594.9 
587.5? 

Nova  ( 'ygni  594. 
Nova  Cygni  588.5 

584.1 

1 

571.4 

5 

584.1? 
571.4 

Kova  Cygni  583. 1 

560.9 
545.3 

8 
7 

560.9? 

54.",.:;? 

L"h,,,<k  13412 

531.6 
519.4 

8 
6 

531.6? 
519.4 

Nova  Cygni  531.7 
Nova  <  ;  gni  519.7 

516.2 
513.7 

3 

1 

510. 

512.8 

4 

516.2 
512.2 

Nova  Cygni  517. 
Nova  Cygni  512.7 

504.8 
498.0 

4 
5 

504.8 
498.0 

Nova  Cygni  498.0 

494.4 
492.3 

3 

1 

490. 

494.4? 

4!)  1.1 

Nova  Cygni  491.2 
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Copeland 

Konkoly 

Von  Gotbard       Slierman 

Mean 

Remarks 

A 

Days 

?. 

A 

X 

Days 

5 
4 

477.8 

2 

y+ 

487.7 
477.3 

487.7 

477.5 

472.2 

2 

470.6 
462.4 

7 
5 

471.4? 
462.4 

T  <  'oronae  471 
T  <  'oronae  463 

456.2 

1 

456.2 
448.0 

438.6 
433.3 

428.6 
421.9 

4 
6 

5 
2 

2 
2 

456.2 

448.0 

438.6 

433.3 

428.6 

421.9 

414.6 

1 

414.6 

Aroiv/  Gygni  414. 

Iu  proceeding,  we  limit  ourselves  to  suggesting  the  interpre- 
tation of  those  lines  which  have  not  probably  been  already 
dealt  with  in  discussing  the  former  spectra.  In  certain  cases 
the  number  in  the  frequency  column  is  so  high  or  so  low  that, 
on  account  of  the  short  series  of  observation,  we  hold  their 
character  as  bright  lines  still  open  to  question,  and  if  admit- 
ting them  into  the  following  list  it  is  only  to  show  the  possi- 
ble identification. 


X 

Remarks 

Nitrogen 

Hydrogen 

( txygen 

653.53 

652.3 

Probably  one  or  more 
of 

653.03 
652.15 
651.62 

614.6 

614.4 

601.7 

602.04 
601.74 

571.1 

571.57 
571.04 

5(16.79 

504.8 

Baud  probably  one  or 
more  of 

506.33 

505.42 
503.89 
502.96 

494.4 

493.51 

494.2 

487.7 

487.52 
487.24 

Fairlv   bright,    Dec.    17; 

478.66 

it  (.6 

just  discernible  Dec.  26 

477.61 

456.2 

457.03 
449.75 

448.0 

A  band 

448.97 
447.37 
446.66 

I  16.06 

446.92 
446.53 

438.6 

439.0 

433.3 

434.0 

428.6 

428.0 

421.9 

422.0 

We  pass  at  once  to  the  spectrum  of  the  nebulas.  D'Arrest's 
values  of  the  three  prominent  lines  are  taken  as  the  sum  of 
observation  thereon  up  to  1872. 


/. 

Remarks 

Hydrogen 

554. 

a  trace* 

554.22 

553.64 

527.20 

527. 

a  trace* 

526.57 

526.36 

518. 

a  trace 

517.77 

508.75 
508.54 

509. 

a  trace 

I r Arrest.  500.40 

508.46 
508.40 

508.37 

500.42 

Bredichin,  500.44 
Nora  Gygni,  500.33 

500.43 

495.70 

D' Arrest,  495.66 

Bredichin,  495.74 

495.68 

485.99 

D'Arrest,  486.06 

Bredichin,  485.92 

486.06 

47H. 

a  trace 

479.68 

434. 

Photographs 

434.0 

410.1 

Draper's  Photograph 

410.1 

373.0 

Photograph  :  the  white  star  line 

373.3 

We  think,  therefore,  that,  so  far  as  the  data  as  yet  obtained 
permit  us  to  judge,  the  spectra  of  those  variable  or   tem- 
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porary  stars  which  have  as  yet  been  examined,  the  spectra 
of  the  bright-line  stars**  and  the  spectra  of  the  nebulas  may 
all  be  explained  by  reference  to  the  low-temperature  spectrum 
of  hydrogen,  the  high-temperature  spectrum  of  nitrogen  and 
oxygen,  or  their  carbon  compounds.  A  recent  investigator 
in  studying  the  spectrum  of  the  atmosphere  of  [3  Lyraej  finds, 
in  addition  to  the  above-named  spectra,  traces  of  oxygen  at 
the  negative  pole  and  nitrogen  at  the  negative  pole  :  and  in- 
fers a  connection  between  these  spectra  and  the  variation  of 
the  star's  light.  He  finds  reason  to  think  that  a  portion 
of  the  light  of  that  star  is  produced  by  a  low  electric  dis- 
charge in  its  atmosphere,  the  charge  being  the  residual  of 
that  produced  by  chemical  reaction  in  the  interior  :  hydrogen 
acting  as  the  positive  pole,  while  some  one  of  the  elements 
higher  in  the  electrolytic  series  acts  as  the  negative  pole. 
Under  this  discharge  he  finds  the  carbon-compounds  forming, 
being  dissociated,  re-forming.  Was  it  in  the  days  of  the 
carboniferous  era  that,  other  causes  operating,  the  terrestrial 
atmosphere  went  through  a  similar  purification?  Is  it  to  our 
sun's  nebulous  atmosphere  that  the  A  and  B  bands  of  our 
solar  Bpectrum  are  due?  Is  the  zodiacal  light  an  inner  or 
an  outer  layer  of  the  same  nebulous  atmosphere  ?  Whal  hn  \  <• 
comets  to  tell  us  of  the  extent  of  the  hydrogen-atmosphere? 
What  is  the  motion  that  changes  in  tins  current  impart  to  the 
terrestrial  magnetic  needle?  But  it  is  needless  to  recall  to 
the  student  of  terrestrial  and  COSmical  physics  the  points  of 
contact  of  the  phenomenon  in  question. 

If  we  are  right  in  the  above  analysis,  ami  if  we  have  not 
erred  in  our  former  paper,  then,  from  the  most  gaseous 
nebula,  on  through  the  nebulas  showing  continuous  and  bright 


line  spectra,  on  through  the  gaseous  stars,  through  the  vari- 
able stars  to  the  most  highly  finished  orb  we  know,  with  the 
temporary  stars  passing  through  and  binding  the  whole  series 
— through  all  we  have  one  phenomenon,  waxing  and  waning 
with  the  light  of  the  central  condensation,  but  still  one.  To 
study,  to  differentiate,  to  classify,  opens  a  field  of  great  in- 
terest and  importance. 

Iu  closing  we  may  be  permitted  to  say,  that  however  prob- 
able our  result  may  be,  we  know  that  we  have,  strictly. 
proved  nothing.  The  data  at  hand  do  not  yield  an  accurate 
proof.  On  the  one  hand  we  need  fuller  special  knowledge  of 
the  changes  taking  place  in  the  hydrogen-spectrum  ;  on  the 
other  we  need  from  the  telescope  more  accurate  and  more  con- 
nected data.  The  investigation  on  the  first  head  is,  through 
the  courtesy  of  the  authorities  presiding  over  Johns  Hopkins 
University,  going  forward  in  Rowland's  laboratory.  The  evi- 
dence is  here  presented,  in  its  incomplete  form,  iu  the  hope 
that  some  of  those  having  the  disposal  of  telescopes  properly 
situated  may  be  induced  to  devote  them  to  this  object. 

i'oit.i  \M),  Monthly  Notices,  1886. 
Konkoiy.  Astron.  Nachr.,  No.  2712. 
Von  Gothard,  Astron.  Nachr.,  No.  271a. 

D'Arrest,  Undersogelser  over  d\  nebulosi  stjemer.  Copenhagen, 
1872. 

Bubdiciiin,  Annates  de  Moscou,  Series  2,  Vol.  2  and  Vol.  3. 
**  rhis  Journal,  Vol.  VII.,  No.  4. 

f.lf/J.  Of  Sdl  >!'■'  .   Fell.    1887. 

*Vogel,  Bothkampi  r  Beobachtungen.     Heft  1,  1872. 
For  the  spectra  employed:  — 

COExr,  Journal  de  Physique,  18S6. 

Hassklberg,  Academia  Petropohtana,  Vol.  XXXI. 

Piazzj  Smyth,  Microraetrical  Measures  of  Gaseous  Spectra. 

II.  W.  Vogel,  Beiblatter,  lid.  4,  1880. 

Schuster,  Philosophical  Transactions.  1880. 

Angstrom  ami  Tiialex,  Nova  Acta.     Upsala,  [3]  IX. 


ELEMENTS    AM)    EPHEMERIS   OF    COMET    1SS7  c  (bABNABD.) 

By   II.  V.    EGBERT. 

Tin'  very  cloudy  weather  has  interfered  with  the  observa- 
tion of  this  comet,  and  I  have  delayed  the  computation  of 
new  elements  and  ephemeris,  hoping  for  data  extending  over 
a  longer  interval.  But,  that  our  observers  may  not  lie  with- 
out means  of  easily  finding  the  comet.  I  inclose  the  follow- 
ing, which  are  derived  from  the  positions  given  below. 

The  middle  place  is  from  a  filar-micrometer  observation  by 
Prof.  Boss  ;  while  the  first  and  third  are  from  ring-microm- 
eter comparisons,  for  which  An  and  AS  were  kindly  furnished 
by  Mr.  Barnard,  and  the  star-places  are  Leiden  determina- 
tions. The  observation  of  January  30  is  the  latest  at  hand, 
and  was  but  recently  received. 

1887  Greenw.  M.T.            App.  a  App.  <! 

Jan.  23  23h  23m  55s     19h    7m  42\64  +25°  22'    2". 7 

26  23      2    12      19    15    4.3.14  27    12   13.1 

30  23  35    37      19    26    56 .00  29    41  55  .9 


El 

SMENTS. 

T  =   1886  Nov.  28.2171  Greenwich  M.T. 

...  =     31°  45' 

.0  [  M.  Eq 

•o) 

Q   =  258    13 

.  1887.0 

i   =     85    35 

log 

q    =  0.17007 

C— 

.//.  cosp'  =  -4-5" 

'.'' 

=  —6" 

Ephemeris  for  Greenwich 

Midnight 

1887 

a 

s 

log  A 

Light 

•Vb.  26 

h       m                            of 

20  51.8          +45  4<S 

0.3500 

0.70 

Mar.    2 

21     6.5 

48     0 

0.3556 

0.C5 

6 

21  21.8 

50     6 

0.3618 

0.62 

10 

21  37.6 

52     6 

0.3687 

0.58 

14 

21  54.0 

53  58 

0.3761 

0.54 

18 

22  11.0 

55  42 

0.3840 

0.50 

22 

22  28.5 

57    17 

0.3922 

0.47 

26 

22  46.4 

58  44 

0.4008 

0.44 

30 

23    4.8 

60     3 

0.4097 

0.40 

Light  at  discovery  is  taken  as  unit  v. 


Dudley  Observatory,  Albany,  1887  February  15. 
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COMET   1887  d. 

Another  very  faint  and  rapidly  moving  comet  was  detected  by  Mr.  E.  E.  Barnard,  at  Nashville,  on  the  night  of  Feb- 
ruary 16.     The  following  early  observations  have  been  received  from  various  sources : 

1887 

Feb. 


" 

M.T. 

of  place 

a 

5 

Observer 

h        in        s 

h        in        s 

o         i          I, 

16 

12  23  14 

Nashville 

8    2  1 1 .8 

—15  58  38 

Barnard 

17 

8  50  12 

Cambridge 

7  12  27.1 

—12  14     6 

Sawyer 

17 

9    8  52 

Cambridge 

7  42     5.") 

—12  10  18 

Wendell 

18 

8  33  12 

Nashville 

7  17  19.5 

—  7  1  7  38 

Barnard 

19 

9  20  11 

Albany 

6  54  18.1 

—  2  31  56 

Boss 

in 

9  23  18 

Cambridge 

6  54  26.5 

—  2  36    7 

Wendell 

•22 

9  20  19 

Albany 

5  55  23.6 

-4-  9  38  50 

Boss 

ELEMENTS  AND   EPHEMEEIS   OF   COMET   1887d    {BARNARD). 

By   LEWIS   BOSS. 


A  letter,  which  I  received  yesterday  from  Mr.  Barnard, 
shows  that  the  epoch  of  his  observation  of  February  18  was 
wrongly  transmitted  to  me  in  the  telegram,  and  erroneously 
given  in  the  Science  Observer  circular,  where  it  was  used  by 
me  as  the  middle  observation  in  computing  an  orbit  of 
Comet  d.  The  error  amounts  to  an  hour,  and  the  true  epoch 
is  earlier  than  that  printed  in  the  Science  Observer.  This 
unfortunate  circumstance  has  so  destroyed  the  efficiency  of 
the  ephemeris  based  on  that  computation,  that  I  hasten  to 
furnish  another,  based  on  Barnard's  discovery-observation 
February  16,  and  others  by  myself  on  February  ID  and  22. 
The  observations  were  corrected  for  parallax,  aberration, 
etc.,  by  means  of  approximate  values  of  A  which  do  not 
seriously  differ  from  those  resulting  from  the  new  elements, 
which  are  as  follows  : 


T  —  1887  March  28.4727  Greenw.  M.T. 

<„  =     36°  36'.8  ) 

Q    =  135    27.9  ,'  1887. 

i  =  139    45.4  ) 

log  q  —  0.00258 


.0 


Comparison   with    the   observation   of   February    19.  gives 

(C-O)  : 

JX  cos  (S  =  +0'.6  ;       J,:!  =  -fO'.l 

A  like  comparison  with  the   mean  of  the  determinations  by 
Sawyer  and  Wendell  on  February  17  gives: 

J),  cos  p1  =  +0'.3  ;  A$  =  +0'.  1 . 
The  adopted  value  of  the  ratio  of  geocentric  distances  used 
in  the  computation  was.very  near  the  truth  ;  and  these  resid- 
uals must  be  ascribed  to  the  influence  of  errors  of  observa- 
tion. The  comet  was  nearest  the  earth,  February  17,  and  its 
brightness  is  rapidly  decreasing,  so  that  it  is  doubtful  if  it 
can  be  observed  beyond  February. 

Ephemeris  for  Greenwich  Midnight. 


1887 

a 

8 

0          1 

log  A 

Light 

ib.    25 

5  13  16 

+  17  43.9 

9.5896 

0.6 

27 

4  51  25 

21   32.7 

9.6464 

0.5 

ar.     1 

4  33  51 

24  22.7 

9.7000 

0.4 

3 

4   19  36 

26  31.5 

9.7496 

0.3 

7 

3  58  10 

29  30.4 

9.8370 

0.2 

11 

3  42  50 

31    27.2 

9.9105 

0.15 

Dudley  Observatory,  1887  February  23. 


No. 

148 

P- 

30. 

No. 

151 

P- 

49. 

P- 

50. 

P- 

50. 

P- 

5G. 

(ORKIGEXDA. 

In  Mr.  Sawyer's  article  upon  the  New  Variable  in  Sagittarius,  the  computed  times  of  maxima  and  minima  were  inadver- 
tently transcribed  instead  of  the  observed  ones.  By  adding  the  quantities  0 — C  to  the  times  as  given,  the  true  observed 
moments  will  be  obtained. 

In  col.  2,  last  line,  for  DM.  67°,645,  read  DM.  67°,945. 

In  col.  1,  line  3,  for  DM.  i;90,912,  read  DM.  67°,942. 

In  col.  2,  line  19.  for  <  DM.  19°,8097  read  >  DM.  19°,3097. 

In  first  line  of  Corrigenda,  for  number,  read  member. 


COST  E  NTS. 
On  the  Spectra  ok  the  New  Variable  in  Orion,  of  Certain  Temporary  Stars,  and  of  hie  Nebulas,  by  Mr.  Orray  T.  Sherman. 
Elements  and  Ephemeris  of  Comet  1887  c  (Barnard),  by  Mr.  II.  V.  Egbert. 
Comet  1887  d. 

ELEMENT8  AND  EPHEMERIS  OF  COMET  1887(2  (BARNARD),  BY  PROF.  LEWIS  Boss. 

Corrigenda. 
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RELATIVE  POSITIONS  OF  63  SMALL  STARS  1^  THE  PLEIADES. 


By    Prof.    A.    HALL,    L.S  N. 


(Communicated  by  Captain  R.  L.  Piiythiax.  I.S.X..  Superintendent  of  the  Naval  Observatory,  Washington.) 


In  the  autumn  of  1885,  Prof.  II.  A.  Newton  suggested  that 
I  should  make  some  micrometrical  measurements  of  a  num- 
ber of  the  small  stars  in  the  Pleiades,  for  the  purpose  of 
connecting  these  stars  with  the  brighter  ones  of  this  group, 
whose  relative  positions  had  been  measured  by  Bessel  ami 
Schluter,  1829-1841,  and  which  were  being  reobserved  by 
Dr.  Elkin  with  the  heliometer  of  the  Yale  College  Observa- 
tory . 

It  seems  probable  that  the  stars  of  such  a  group  will  have 
a  common  proper-motion  ;  and  to  me  it  seems  probable  also 
that  the  small  stars  will  be  found  to  be  connected  physically 
with  the  larger  ones.  But  in  any  case  it  will  be  interesting 
in  the  future  to  have  means  of  testing  the  question  of  the 
proper-motion  of  the  bright  stars  with  respect  to  the  smaller 
ones.  Again,  the  great  number  of  small  stars  that  arc  vis- 
ible in  the  nebulas  of  Orion  and  Auilrnnu'ila,  and  in  other 
nebulas,  seem  to  indicate  a  physical  connection  of  clusters 
of  stars  and  nebulas;  and  it  is  possible  that  the  thin  nebula 
which  is  spread  over  a  large  portion  of  the  Pleiades  may 
once  have  had  a  more  intimate  connection  with  the  stars  of 
this  group.  Although  changes  in  such  distant  systems  can 
be  determined  only  after  loug  intervals  of  time,  the  prece- 
ding considerations  led  me  to  undertake  the  obsen  ations  sug- 
gested by  Prof.  Nekton. 

Recently,  however,  the  photographic  ait  lias  made  great 
progress,  and  probably  astronomical  work  of  this  kind  may 
be  done  more  easily  by  its  aid.  The  Pleiades  come  into  po- 
sition for  observation  during  the  winter  season,  when  the 
weather  is  generally  very  unfavorable,  and  we  have  here  a 
case  where  photography  may  be  applied  with  the  greatest  ad- 
vantage. It  seems  best,  therefore,  to  stop  such  measure- 
ments for  the  present,  and  wait,  for  what  the  photographic 
method  will  furnish. 

The  following  table  contains'  the  results  of  my  observa- 
tions.    The  first  column  gives  the  date  of  the  observation,  in 


years  and  decimals  of  a  year.  The  second  column  gives  the 
sidereal  time  to  the  nearest  tenth  of  an  hour,  which  has  been 
used  to  compute  the  differential  refraction.  Then  follows 
the  name  of  the  star  of  reference  taken  from  Bessel's  Cata- 
logue in  the  Astronomische  Untersuchungen,  Band  I.,  pp. 
237-238.  The  next  column  gives  the  number  of  the  small 
star  in  this  list.  The  observed  angle  of  position  and  distance, 
with  the  corrections  for  differential  refraction,  dp,  follow  in  the 
next  columns.  Kaeh  of  the  observed  angles  depends  on  four 
settings  of  the  position-circle.  In  order  to  avoid  so  much 
turning  of  the  micrometer-screw  for  the  large  distances,  a 
few  of  the  earlier  observations  were  made  with  the  movable 
wire  on  one  side  of  the  fixed  wire,  the  coincidence  being 
noted,  and  four  bisections  of  the  stars  were  made  for  each 
observation.  On  the  next  night  the  movable  wire  was  placed 
on  the  other  side  of  the  fixed  one,  and  the  same  distance  was 
measured.  But  this  method  was  soon  given  up,  as  it  seemed 
liable  to  constant  errors,  and  most  of  the  distances  were 
measured  by  reversing  the  wires  on  each  night.  In  this  case 
two  double  distances  were  measured.  The  magnitudes  of 
these  small  stars  were  estimated  by  assuming  that  the  limit 
of  visibility  in  the  26-inch  objective  is  a  magnitude  of  16.3. 
The  estimates  of  magnitudes  will  be  subject  to  some  uncer- 
tainty, as  my  scale  is  not  well  fixed  ;  and  moreover  the  con- 
dition of  the  sky,  which  was  generally  below  the  average, 
would  have  much  influence  with  such  faint  objects.  The  ob- 
servations were  all  made  with  a  magnifying  power  of  383, 
and  with  bright  wires  in  a  dark  field.  In  order  to  avoid  mis- 
understanding, it  should  be  stated  that  I  have  not  endeavored 
to  observe  all  the  small  stars  near  the  star  of  reference. 

The  average  magnitude  of  these  small  stars  is  12.4.  The 
average  of  the  observed  distances  is  115". 0,  and  the  probable 
errors  of  a  single  observation  are  as  follows  : 

in  augle,  ±0".421  ;  in  distance,  ±0".1*7. 

from  142  observations. 
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Date 

Sid 
Time 

Star 

No. 

P 

dp 

s. 

J/> 

Mag. 

Notes 

1886.131 
18S6.134 
1887.084 
1886.450 

h 

4.6 
4.4 
3.1 

Celaeno 

a 
u 

Mean 

1 

2.">!».48 
259.60 
259.65 
259.58 

0.00 
0.00 

0.00 

86.93 
86.68 
86.40 
86.69 

+o!o2 
0.02 

0.02 

11 

1886.134 
1886.147 
1887.084 

1886.455 

4.7 

4.7 
2.9 

Celaeno 

u 
(( 

Mean 

2 

194.86 
194  85 

194.85 
194.85 

0.00 
0.00 

0.00 

218.09 

217. ill 
217.61 
217.94 

0.07 
0.07 
0.06 

10 

windy 

1886.109 
18*6.112 
1886.110 

4.0 
3.7 

Electro. 
Mean 

3 

143.70 

144.22 
143.96 

0.00 

0.00 

105.87 
105.76 

105.85 

0.03 
0.03 

13 

1886.109 
1886.112 
1886.110 

4.2 
4.0 

Electro. 
Mean 

4 

122.05 
122.15 
122.10 

0.00 
0.00 

150.28 
150.10 
150.38 

0.04 
O.Ol 

13 

1886.109 
1886.112 
1886.110 

4.4 
3.6 

Electra 
Mean 

5 

19  J. 50 
191.42 
191.46 

0.00 

0.00 

221.10 
221.24 
221.24 

0.O7 
0.07 

11 

1886.131 
1886.134 

1887.084 
1886.450 

4.4 
4.2 
3.3 

Electra 
u 

Mean 

6 

345.05 

345.04 
344.92 
345.00 

0.00 
0.00 
0.00 

181.05 
181.15 

181.12 
181.16 

0.05 

0.05 

0.05 

• 

10 

1887.084 
1887.120 
1887.102 

3.5 
4.3 

1 8  m 
a 

Mean 

7 

130.40 
130.00 
130/20 

0.00 
0.00 

79.18 
78.05 
78.63 

0.02 
0.02 

14 

1887.084 
1887.120 
1887.102 

3.7 
4.1 

18  m 

U 

Mean 

8 

174.30 
173.72 
174.01 

0.00 
0.00 

158.75 
157.69 
158.28 

0.06 

0.05 

13 

1886.147 
1886.150 

I.s,s6.148 

4.9 
4.9 

Taygeta 

Mean 

'.) 

329.62 
329.38 
329.50 

0.00 

0.00 

67.17 
67.31 
67.26 

0.02 
0.02 

10 

1886.147 
1886.150 
1886.148 

5.2 
5.2 

Taygeta 

Mean 

10 

59.05 
59.22 
59.13 

0.00 
0.00 

50.96 
50.97 
50.98 

0.02 

o.i>2 

14 

1887.084 
1887.120 
1887.131 
1887.112 

4.1 

4.5 
4.4 

Anonyma  1 

a. 
IC 

Mean 

1  1 

357.82 
357.58 
357.88 
357.76 

0.00 

0.00 
0.00 

120.30 

120.88 
120.70 

120.69 

O.Ol 
O.Ol 

0.04 

12 

1887.084 
1887.120 
1887.102 

4.3 
4.7 

Anonyma  1 

u 

Mean 

12 

137.75 
137.78 
137.76 

0.00 

0.00 

145.27 
1  15.17 
1 15.26 

0.04 

O.Ol 

14 

L886.153 
1886.164 

1886.158 

5.3 
5.3 

Maja 
(< 

Mean 

13 

75.60 

75.58 
75.59 

0.00 
0.00 

113.62 

IKJ.s.-, 
113.77 

0.04 
0.04 

13 

1887.123 
1887.131 
1887.127 

4.2 
4.7 

A non vma  7 
Mean 

14 

320.08 
319.92 
320.00 

0.00 

0.00 

163.72 
164.06 
163.94 

ii. o;, 
0.05 

11 

1886.164 
1886.166 
1886.165 

5.6 

5.G 

Asterope 

u 

Mean 

15 

73.40 
73.55 
73.47 

0.00 
0.00 

170.94 

171.09 
171.07 

0.06 
+0.06 

12 

windy 
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Date 

Sid. 
Time 

Star 

Xo. 

P 

Jp 

s. 

Jp 

Mag. 

Notes 

1887.073 
1887.  »>7G 
1887.074 

h 

3.8 
3.8 

22  I 

i< 

Mean 

16 

257?18 
256.50 
256.84 

o!oo 

0.00 

49.63 

4!). 94 

49.79 

+0.01 

0.01 

14 

1887.139 
1887.147 
1887.143 

5.3 

4.9 

Anonyma  8 

Mean 

17 

8.85 

9.20 
9.02 

0.00 
0.00 

18.55 
18.31 
18.44 

0.01 
0.01 

13.5 

fog 

1887.123 
1887.131 
1887.127 

1.5 
5.2 

Merope 

u 

Mean 

18 

178.50 

178.45 
178.47 

0.00 

0.00 

114.89 
114.61 

114.78 

0.03 
0.03 

14 

1887.123 
1887.131 
1887.127 

4.7 
4.'.) 

Merope 

Mean 

19 

335.90 
335.95 
335.92 

0.00 

0.00 

141.84 
141.27 
141.59 

O.Ol 

0.04 

12 

1887.139 

1887.147 
1887.1  13 

5.7 
5.1 

Anon  vma  10 
Mran 

20 

37.28 
37.50 
37.39 

0.00 
0.00 

115.11 

115.60 
115.39 

0.04 
0.04 

14 

haze 

1887.073 

1887.076 
1887.074 

4.1 
3.4 

Anonyma  12 
Mean 

21 

295.62 
295.48 
295.55 

0.00 

0.00 

loo.U 
100.27 
100.23 

0.03 
0.03 

13 

1887.073 
1887.076 
1887.074 

4.3 
3.6 

Anonyma  12 
Mean 

22 

L89.50 

is:). 25 
189.37 

0.00 

o.oo 

12.S.24 
12S.61 
128.46 

0.04 
0.04 

13 

1887.062 
1887.065 
1887.064 

2.9 
2.9 

Anonyma  14 
Mean 

23 

23 1.70 
231.70 
231.70 

0.00 

0.00 

69.89 

7n  2  1 
70.08 

0.02 
0.02 

11 

1887.062 

1887. 065 
1887.064 

3.2 
3.2 

Anon  vma  11 

it 

Mean 

24 

254.15 
254.38 

254.26 

0.00 

o.oo 

154.01 
154.07 
154.08 

0.04 
0.04 

11 

1887.062 
L  887.065 

1887.064 

3.4 
3.4 

Anonyma  11 
Mean 

25 

245.28 
245.12 

2  15.20 

0.00 

0.00 

136.19 
136.55 

136.41 

0.04 
0.04 

12 

1887.068 
1887.071 
1887.153 
1887.097 

3.7 
2.8 
5.9 

Anonyma  19 
it 

(C 

Mean 

26 

278.25 
278.72 
279.75 

278.91 

0.00 

0.00 
0.00 

25.79 
26.01 
26.00 
25.94 

0.01 
0.01 
0.01 

14 

1887.071 
1887.073 
1887.072 

3.6 
3.3 

Anonyma  20 
Mean 

27 

102.90 
102.45 
102.67 

0.00 

0.00 

36.45 
36.33 

36.40 

0.01 
0.01 

15.5 

1887.071 

1887.073 
1887.072 

3.8 
3.1 

Anonyma  20 
Mean 

28 

64.95 

64.88 
64.91 

0.00 
0.00 

129.78 
130.20 
130.03 

0.04 

0.04 

12 

1887.071 
1887.073 
1887.076 

1887.073 

4.0 
3.5 
3.2 

Anonyma  2  1 
it 
. . 

Mean 

29 

326.28 
329.18 

329.95 
328.47 

0.00 

0.00 

0.00 

7.01 
6.94 
6.90 
6.95 

0.00 
0.00 
0.00 

11 

1887.139 
1887.147 
1887.153 
1887.146 

6.0 
5.3 
5.1 

Anonyma  22 
Mean 

30 

263.22 
261.22 
262.70 
262.38 

o.oo 

0.00 
0.00 

5.78 
5.67 
6.27 
5.91 

0.00 

0.00 

+0.00 

12 

haze 
windy 

76 


T  H  E     A  S  T K  O N OMICAL    JOURNAL 


N°  154. 


Date 

1887.147 
1887.153 
1887.150 

Sid. 
Time 

Star 

No. 

P 

J/' 

s. 

J/» 

Mag. 

Notes 

h 

5.4 

5.0 

Anonyma  22 
Mean 

31 

174.90 
174.75 
174.82 

0?00 

0.00 

59.26 
59.01 

.")9.15 

+0.02 
0.02 

14 

1887.071 
1887.073 
1887.076 
1887.073 

3.3 
2.8 

3.0 

Anonyma  21 
t< 

Menu 

32 

19.42 

20.08 
19.45 
19.65 

0.00 

0.00 

0.00 

88.15 

89.17 
87.78 

88.40 

0.03 
0.03 

o.03 

to.  5 

1885.947 
1885.950 
1885.948 

0.2 
0.8 

Alcyone 

cc 

Mean 

33 

220.30 
226.20 

220.24 

—  0.01 
—0.01 

78.82 
79.36 
79.11 

0.02 
0.02 

1.". 

blazing  images 

1885.947 
1885.950 
L885.948 

0.5 
1.0 

Alcyone 

1 c 

Mean 

34 

229.08 
22'.i. 10 
229.08 

—0.01 
—0.01 

144.30 
1  11.85 
144.61 

0.04 
0.04 

13 

blazing  images 

L885.961 
1885.967 
;  1885.983 
1885  986 
1885.974 

1.4 
1.2 

0.6 
0.8 

Alcyom 
. . 

i  c 

Mean 

3.". 

54.05 

53.98 
54.00 
54.00 
54.00 

—0.01 
—0.01 
—0.01 

—0.01 

199.03 
199.56 
199.72 
199.71 
199.56 

O.OO 

0.06 
0.06 

O.OO 

11 

faint,  misty 

;  1885.961 
1885.967 
1  385.983 
1885.986 
L885.974 

1.6 

1.0 
0.4 
0.6 

Alcyone 

c  ■ 
(I 
cc 

Mean 

36 

44. 78 
U.S.-, 
44.78 
44.72 
1  1.77 

—0.01 
—0.01 
—0.01 
—0.01 

219.21 

220.10 
219.58 
220.15 
219.82 

0.06 

0.00 

0.06 

0.06 

11 

misty 

1  1885.950 

j  1885.961 

1885.956 

1.4 
1.0 

Anonyma  25 

c . 

Mean 

37 

209.58 
209.80 
209.69 

0.00  . 
0.00 

48.52 
48.40 

is.  17 

0.01 

0.01 

13 

1887.062 

is.s7.068 
1887.065 

3.8 
2.7 

Anonyma  28 
Mean 

38 

295.40 
295.35 
295.37 

O.OO 

0.00 

173.36 

17.",. 02 
17:',. 24 

0.05 

o.o:, 

12 

1885.950 
1885.961 
1885.956 

1.3 

0.8 

Anonyma  29 
Mean 

3'.) 

216.28 
216.95 

216.61 

0.00 

0.00 

71.03 
71.61 
71.64 

0.02 

0.02 

I.", 

,  1887.147 

1887.153 

:  1887.150 

5.7 

.") .  ."> 

26  s 

cc 

Mean 

40 

234.78 
235.10 

234.'.' 1 

0.00 
0.00 

77.30 
77.58 
77.49 

0.02 
0.02 

14 

windy 

!  1887.1  17 
1SS7.153 

j  1887.150 

j 

5.8 
5.7 

20  s 

cc 

Mean 

11 

332.08 
332.88 
332.78 

0.00 
0.00 

78.30 
79.15 

78.74 

0.02 

o.i  >2 

15 

:  1385.986 
i  1885.991 
:  1885.988 

1.3 
0.8 

Atlas 

cc 

Mean 

42 

282.1.", 
282.78 
282.00 

—0.01 
—0.01 

92.69 
93.04 
92.89 

0.03 

0.03 

13 

i  1885.986 

■  1885.991 

1885.988 

i.:> 
1.0 

Atlas 

Mean 

43 

42.48 
12.22 

42.3.") 

0.00 

o.oo 

46.87 
16.81 

40.85 

0.01 
0.01 

l."> 

1885.986 
1885.991 
1885.988 

1.7 
1.3 

AtlaS 
c . 

Mean 

4  1 

63.38 
63.92 

03.0.") 

0.00 
—0.01 

112.01 
112.38 

112.21 

o.o:; 
o.o;; 

14 

a  triple  star 

1885*.997 
1886.005 

1886.001 

1.0 

2.0 

cc 

Mean 

45 

238.45 

238.52 
238.48 

—0.01 
0.00 

216.39 
216.41 
216.46 

0.06 
+0.06 

10 
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Date 


1885.997 

1886.005 
1886.001 

1885.997 
1886.005 
1886.001 

1885.997 
1887.123 
1886.560 

1886.008 
1886.084 
1886.106 
1886.066 

1886.008 
1886.019 
1886.013 

L  886. 084 
1886.106 

1886.0!i;, 

1886.008 
1886.084 
1886.106 
1886.066 

1886.985 
1887.010 
1886.997 

1886.985 
1887.010 
L  886.997 

1886.985 
1887.010 
L  886.997 

1886.985 
1887.010 
1886.997 

1886.971 
1886.974 
1886.985 
1887.131 
1887.015 

1886.971 
1886.974 
1886.985 
1886.977 

1887.131 
1887.139 
1887.135 

1887.013 
1887.068 
1887.040 


siii. 
Time 


1.2 
2.2 


1.4 

2.5 


1.7 

5.0 


1.7 

:!..s 
4.2 


1.9 
1.5 


4.0 

I.I 


2.2 
3.6 

4.0 


2.1 
1.6 


2.4 

l.s 


2.6 

2.0 


2-8 
2.2 


2.1 
1.2 
1.5 
5.4 


5.7 

5.0 


1.5 

3.1 


Star 


Atlas 
Mean 

Atlas 
Moan 

Atlas 

CI 

Mean 

Plejom 

it 
Mean 

Plejone 

Mean 

Plejone 

.  c 

Mean 

Plejone 

. . 

Mean 
Anonyma  3  I 

Mean 
Anonyma  .">1 

Mean 
Anonyma  31 

.Mian 
Anonyma  31 

Mean 
Anonyma  32 

Mean 


No. 


2.6      Anonyma  32 
1.4 


Mean 

.Anonyma  32 
u 

Mean 

Anonyma  34 
u 

Mean 


46 


17 


is 


111 


50 


.-il 


52 


53 


:>i 


56 


57 


58 


59 


60 


189.85 
189.55 

189.70 

125.40 
125.52 
125.46 

215.85 

215.(10 
215.42 

223.12 
223.12 
22:;.  ID 
223.41 

273.211 
273.12 
273.16 

79.62 
79.22 

79.42 

67.45 
67.32 
67.28 

67.:;.") 

[5.62 

15.72 
•   15.67 

239.88 
239.58 
239.73 

271).  is 
270.58 
270.53 

225.95 

226.25 
226.10 

85.28 
85.28 
85.45 
85.75 
85.44 

107.32 
107.38 
107.38 
107.35 

209.62 
209.65 
209.63 

103.02 
103.22 
103.12 


dp 


0.00 
0.00 


o.oo 
0.00 


0.00 
0.00 


0.00 
0.00 
0.00 


0.00 
-0.01 


0.00 
0.00 


0.00 

0.00 

0.00 


0.00 
0.00 


0.00 
0.00 


0.00 
0.00 


0.00 
0.00 


0.00 

-0.01 
-0.01 

0.00 


-0.01 
-0.01 
-0.01 


0.00 
0.00 


-0.01 

0.00 


160.66 
160.80 
160.78 

176.87 
177.75 
177.37 

73.21 
73.71 

73.4'.) 

170.5  1 
172.17 
171.82 
171.66 

219.38 
219.94 

219.73 

96.75 
96.95 
96.88 

1  13.56 
1  U.60 
1 13.00 
142.76 

66.26 

66.04 
66.17 

83.51 
83.30 
83.42 

I  to. 34 
145.17 
145.29 

149.26 
149.00 
149.17 

1 17.611 
117.37 
117.56 
117.49 
117.56 

184.93 
184.46 

184.98 
184.85 

163.60 
163.34 
163.52 

96.50 
96.13 
96.35 


J/' 


Mag. 


Notes 


+0.04 
0.05 


0.07 
0.06 


0.02 
0.02 


0.05 
0.05 

O.05 


0.07 
0.08 


0.03 
0.03 


0.04 
0.04 
0.04 


0.02 
0.02 


0.O2 
0.02 


0.04 
0.04 


0.04 
0.04 


0.03 
0.04 
0.04 

0.01 


0.06 
0.07 
0.06 


0.05 
0.05 


0.04 
+0.04 


11 


11 


16 


12 


10 


15 


14 


10 


10 


12 


14 


clouds 


hazy 


12 


12 


14 


10 
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Date 
1887.013 

Sid. 
Time 

Star 

No. 

P 

J/. 

s. 

At> 

Mag. 

Notes 

h 

2.2 

Anonyms  •">  I 

198.15 

0.00 

118.84 

+0.03 

1887.068 

3.3 

.. 

197.92 

0.00 

118.85 

0.03 

1S87.040 

Moan 

61 

198.03 

lis. 87 

12 

1887.134 

4.4 

Anonvma  -">7 

55.42 

0.00 

62.92 

0.02 

1887.139 

4.5 

•• 

55.80 

0.00 

62.81 

0.02 

1887.136 

Mean 

62 

55.61 

62.88 

11.5 

1887.134 

4.6 

Anonvma  37 

218.40 

0.00 

41.42 

0.01 

foggy 

1837.139 

4.7 

Li 

2  is.  75 

0.00 

40.85 

+0.01 

1887.136 

Mean 

63 

218.57 

41.14 

11.5 

Naval  Observatory,  1887  March  1. 


OBSEKVATIOXS   OF   COMETS 

MADE  WITH  THE  9.6  INCH  EQUATORIAL  AT  THE  U.S.  NAVAL  OBSERVATORT 

By  Prof.   E.    FRISBY. 
(Communicated  by  the  Superintendent.) 


Washington  M.T.   1887.0 

* 

No. 
Comp. 

la                   JS 

(£/'s  apparent 
a                           S 

log 

for  a 

for,) 

COMET   1887  b  (Brooks.) 

Feb.  12 

h         m        s 

9  14   13.4 

1 

20  ,  4 

m        s 

—3   12.91 

+  1  24.5 

h        in         b 

1   27  25.97 

+  75     0  27.0 

0.242 

9.335 

16 

8  34     7.8 

2 

20  ,  4 

+1   30.76 

+  2  30.8 

.  -'  14 

20.25 

+70  42  37.1 

0.088 

nO.101 

18 

15  30     7.2 

3 

10  ,  2 

—1     8.89 

—  5  49.8 

2  33 

26.84 

+68     4  10.9 

9.571 

0.912 

COMET  1886  e  (Flnlay.) 

Feb.  16 

10     9  52.8 

1      4 

I     20  ,  2 

|     —0     3.53     |  +14  54.9   |       3     5 
COMET   1887  c  (Baniard.) 

6.32 

|     +19  32  43.8 

|  9.669 

|  0.656 

Feb.  18 

17   12  27.1 

5 

10  ,  2 

—3  26.68     |  —  5  28.3  |    20  25 
COMET  1887  cL  (Barnard.) 

24.78 

|     +41   24     5.S 

9.606 

9.865 

Feb.  24 

8  47  19.1 

6 

15,3 

—2  17.37    |  +  1     6.9  [      5  25 

14.51 

|     +15  31  20.0 

9.439 

0.582 

Mean   Places  for    1887.0  of  Comparison- Stars. 


* 

1 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

h        m       8 

1  30  39.10 

— 0*.22 

+74  58  51.6 

+  10.9 

Oe.  Arg.  N.  1720 

2 

2  12  49.66 

—0.17 

+70  39  56.6 

+  9.7 

Oe.  Arg.  N.  2618 

3 

2  34  36.02 

—0.29 

+68     9  51.7 

+  9.0 

Radcliffe  762 

4 

3     5  10.05 

—0.2  0 

+19  17  55.0 

—  6.1 

Berliner  Jahrbuch 

5 

20  28  52.83 

—1.37 

+41    29   3! i.2 

—  5.1 

Radcliffe  4849 

6 

5  27  31.65 

+0.23 

+15  30  22.8 

—  9.7 

Weisse's  Rpssel,  V.  750 

The  apparent  place  of   ^c  4  was  taken  immediately  from  the  Berliner  Jahrbuch. 

The  star,  Radcliffe  4849,  which  is  Lai.  39704,5  =  Groombr.  3215  l    motion,  amounting  apparently  to  about  — 0V014  and  +0".53  aunu- 
=  Weisse's  Bessel  XX.  960.1,  seems  to  have  a  considerable  proper-  |   ally. 

1887  February  25. 
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OBSERVATIONS    OF    COMET    1887 ci     (Barnard,  Feb.  16) 

MADE    AT    THE    HARVARD    COLLEGE    OBSERVATORY 

By  O.  C.  WENDELL,  Assistant. 
(Communicated  by  Prof.  E.  C.  Pickering,  Director.) 


Greenwich  M.T. 

* 

No. 
Comp. 

6^- 

/o 

* 
Ah 

^/'s  a])  parent 
a                            8 

lo;r;)A 
for  a      |      for  6 

h       m        s 

Feb.  17     12  56  28 
17     13  53  23 
19     14     7  49 
25     13  48  21 
28     14     3     6 

1 
2 
3 

4 
5 

5 
5 

5 
5 

5 

m       s 

+  1  36.86 
+  1     4.58 
+0  31.94 

—1   18.40 
—1   31.42 

t         tr 

+  2  22.5 

—  1  45.9 
—11   52.5 
+  0   LO.O 

—  2     1.5 

h           111          s 

7  4:1     5.80 
7  42     5.51 
6  54  26.47 
5   12  26.59 

1    11    27.30 

o           1             II 

—12  21   48.2 
—12   10  18.1 
—  2  36     6.6 
+17  52  35.7 
+23     9.  45.2 

»9.278 

,,8.914 

ft8.722 

9.399 

9.544 

0.849 
0.855 
0.794 

0.598 
0.490 

Mean  Places  for  1887.0  of  Compai"ison-Stars. 


* 

a 

Red.  to                       o 
app.  place                    ° 

Red.  to 
app.  place 

Authority 

1 

2 
3 

4 
5 

h        m        s 

7  41   27.85 
7  40  59.84 
6  53  53.69 
5  13  44.71 
4  42  58.64 

+1.09          —12  23  55.0 
+1.09          —12     8  16.5 
+0.84          —  2  23  59.1 
+0.28          +17  52  34.4 
-      ■  ~          +23  11  53.3 

—15.7 
—15.7 
—15.0 

—  8.7 

—  6.6 

Lai.  15175 

Weisse's  Bessel,  VII.  1204 

Lamont,  V.  1161 

Lai.  9952 

Weisse's  Bessel,  IV.  918 

RIXG-MICROMETEK   OBSERVATIONS   OF   COMETS 

MU>K    AT    TIIK    VAXDEKBIRT   UNIVERSITY    OBSERVATORY 
By  E.   E.  BARNARD. 


1887       Nashville  M.T. 

* 

No. 

Comp. 

la                    JS 

(£/"s  apparent 

8 

COMET  1887c   {Barnard,  Jan.  23.) 

Jan.  30 

h        m        a 

17  48 

1 

■                m         s              1                  '          "        1               h         m        - 

7             —0  32.07    1  —14  54.9  |      19  26  56.00 
'  "MET  1887  d.  (Barnard,  Feb.  16.) 

+29  -11   55.9 

Feb.  16 
18 
22 

12  23  23 
8     6  30 
7  56  51 

■2 
3 
4 

4 

7 
7 

—1  37.79 
—1  42.38 
-0  23.33 

—3  22. s 
—0     9.2 
—4  13.8 

8     2  41.83 
7   17  46.34 
5  55  47.12 

—15  58  37.8 
—  7  22  31.5 
+  9  34  21.9 

Comet  d  very  faint,  round,  average  size. 


Mean  Places  for  188't . 

i)  of  Comparispn— Stars. 

* 

Red.  to 
a                  app.  place 

8 

Red.  to 

app.   place 

Authority 

1 

2 
3 
4 

h       m       s                               s 

19  27  29.58          —1.51 
8     4  18.42          +1.20 
7  19  27.71          +0.98 
5  56     9.92          +0.53 

+29  56 

— 15  55     4.:i 

—  7  22     9.8 

+  9  38  47.5 

—  0.7 
—10.7 

—  12.5 
—11.8 

Leiden  A.G.  Zones 

i  (Cape  4143  +  Arg.  Gen.  Cat.  10804) 
Compar.  with  Arg.  C?en.  Cat. 9600 
Yarnall  2490 
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KIXG-MICROMETER   OBSERVATIONS   OF   COMET   1887  6    (brooks) 

MADE    AT    THE    LEHIGH    UNIVERSITY    OBSERVATORY 

By   C.    L.    DOOLITTLE. 


1SS7  Greenwich  M.T. 

* 

No. 

Comp. 

Ja 

* 

£/'s  apparent 
a                              8 

logpA 

fur  a            for  d 

h         iii        s 

Feb.     9     12     9  18 
13     14  30  33 
19     13  39   12 
19     14  15     6 

b 
c 
c 

o 

6 
3 
3 

111             9 

—9   15.73 
—1     0.73 

+3  2S.11 
+3  37.89 

—  3    17.1 
—17    17.7 

—  5  46.3 

—  7  23.3 

h        m       s 

0  31    21.59 

1  41  30.64 

2  38  33.97 

2  38  43.75 

77  48     0.8 
73  58  14.5 
67  14  57.8 
G7  13  20.8 

0.190 
0.135 
9.930 
9.963 

k0.340 

9.728 

n9.972 

>i8.806 

Mean    Places  for   1887.0  of   Comparison-Stars. 


* 

a 

Red.  to  ' 
app.  place 

8 

Red.  to 
app.  place 

Authority 

a 
b 
c 

h         m        s 

0  40  38.98 

1  42  32.10 

2  35     6.21 

— 1'.66 

—  .73 

—  .35 

77  51     6.9 
74   15  21.6 
67  20  35.4 

+  11.3 
+  10.6 

+  8.7 

Argelander,  Z.148,  no.  139 
A  Icelander,  Z  .168r  no.  48 
Yarnall,  1173 

COMETS   OF   THE   YEAR   1886. 

The  dates  are  in  Greenwich  M.T.,  and  the  elements  only  approximate. 


Designation 

Discoverer 

Perihelion 
1S86 

Si 

to 

i 

'J 

Discovery 

Synonym 

I 

Fabry 

April    5.96 

o          1 

36  23 

126°36' 

O           1 

82  37 

0.642 

1885  Dee.      1 

1 885  d 

II 

Barnard 

May      3.28 

68  19 

119  36 

84  25 

0.479 

Dee.     3 

L885e 

III 

Brooks 

May      4.67 

288    6 

39    1 

•100  33    0.842 

1886  April  30 

1886  6 

IV 

" 

June      6.78 

52    6 

176  50 

13  24 

1.360 

May    22 

1*86  c 

periodic 

V 

cc 

June     7.40 

192  42 

201  13 

87  4  1 

0.270 

April  27 

L886a 

VI 

Finlay 

Aug.  19. 

101  56 

174    8 

14  27 

0.883 

Aug.  19 

1886  d 

Winnecke 

VII 

£< 

Nov.   22.39 

52  26 

315    7 

3    2 

0.998 

S<  pt.  26 

1886  c 

periodic 

VIII 

Barnard 

Nov.  28.22 

258  13 

.".1    1(1 

85  35 

1.479 

1887  Jan.    23 

1887  c 

IX 

<  i 

Dec.    16.54 

137  23 

86  22 

101  37 

0.663 

1886  Oct.      4 

1886/ 

ADVERTISEMENT. 
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NOTES   OX    SOME    PLACES   OF   AUWERS'S    FUNDAMENTAL   CATALOGUE. 


By  S.  C.  CHANDLER,  Jr. 


lu  A.N.  2713  Dr.  Aiwkks  1ms  shown  that  the  discrep- 
ancy in  the  present  place  of  i  Ursae  Majoris,  which  1  had 
pointed  out  in  A.N.  2687,  reveals  a  source  of  weaknes 
the  proper-motions  of  some  other  stars  of  his  catalogue  ; 
namely,  in  all  those  cases  where  the  adopted  place  sho 
large  correction  for  the  position  ••Greenwich  1861."  In 
consequeuce  he  is  of  the  opinion  that  a  closer  approach  to 
the  true  places  of  this  class  would  in  all  probability  he  at- 
tained by  adding  to  the  position  deduced  from  the  catalogue 
a  correction  to  the  proper-motion,  corresponding  to  the  as- 
sumption that  Greenwich  1861  is  in  error.  IK-  gives  a  list 
of  objects  which  from  this  circumstance  may  he  regarded  as 
especially  weak.  It  is  of  interest,  of  course,  to  obtain 
further  evidence  with  regard  to  these  suspected  proper- 
motions.  Having,  therefore,  a  few  observations  of  about 
half  of  these  stars.  I  have  thought  it  worth  while  to  make  a 
comparison,  and  the  result  has  been  to  confirm  the  probable 
existence  of  such  a  defect  as  the  one  in  question  in  mosl  of 
the  cases  examined. 

Thus,  in  the  column  ••Observed,"  is  given  the  mean  cor- 
rection to  the  right-ascension  of  the  Berlin  Jahrbuch,  deduced 
from  such  almncantar-observations  as  I  happen  to  have  ;  and, 
in  the  column  "Computed,"  the  corresponding  correction 
due  to  the  accumulated  error  in  the  proper-motion  from  the 
assigned  cause. 


irrection  1  - 
i  (bserved       Computed 


si 

i  Aurig 

5 

—0.030 

+" 

139 

h  Ursae  Majoris 

i 

+0.(17.") 

+0.045 

150 

9  II.  Draconis 

7 

+0.19O 

+     ? 

159 

)■  Ursae  Majoris 

l.-: 

—0.135 

—0.049 

338] 

Bradlev  6 

l 

+o.r.(7 

+     '■ 

"343] 

Bradlev  82 

l 

+0.1'.' 7 

+     ■■ 

369 

Groombr.  848 

n 

—0.022 

? 

[381] 

36  Camelqp'. 

2 

+0.045 

+0.060 

"393] 

24  II  Camelop. 

4 

+0.019 

+     ? 

406 

Bradley  1147 

1 

+0.027 

+0.077 

413] 

p  Ursae^Majoris 

■> 

+0.C1C 

+0.024 

464] 

2  11.  Ursae  Minoris 

4 

—0.124 

■- 

467 

1  II.  Ursae  Minoris 

8 

+0.030 

+     ' 

[482]  - 

f  Draconis 

6 

+0.CMIL' 

+0.044 

525  | 

31  Cephfi 

6 

+0.006 

—0.038 

529 

-  Cepliei 

8 

— O.i 

_ii.  ii.-,:; 

A  query  is  placed  against  those  stars  which  are  not  in 
Bradley,  or  in  which  Dr.  Adwers  gives  no  data  from  which 
the  numerical  amount  of  the  error  can  be  calculated.  It  will 
be  -'in.  however,  that  in  fourteen  cases  out  of  sixteen  the 
observations  give  the  same  sign  to  the  correction  as  results 
from  the  assumed  error  in  the  assigned  proper-motion. 

While  it  is  certainly  true,  as  Dr.  Auwbrs  has  remarked, 
that  it  is  not  advisable  to  introduce,  into  the  Berlin  ephem- 
erides,  alterations  of  the  places  of  particular  stars — even 
where  it  is  undoubted  that  such  individual  changes  would  be 
improvements — and  that  it  is  more  conformable  to  retain  the 
catalogue  unaltered  until  such  time  as  the  whole  can  be  pre- 
sented in  a  revised  form — it  is  nevertheless  equally  true  that 
such  places  as  are  found,  from  time  to  time,  to  be  weak, 
should  have  a  mark  of  warning  placed  against  them,  in  or- 
der that  observers  who  use  the  list  for  clock  and  instru-» 
mental  corrections  may  be  able  to  discriminate.  It  is  there- 
fore doing  a  useful  service  to  signalize  such  stars.  That  so 
few  deviations  of  importance  have  thus  far  developed  them- 
selves in  so  large  a  list  is  indeed  surprising.  There  could  be 
no  higher  evidence  of  the  admirable  character  of  the  cata- 
logue, the  epoch  of  whose  right-ascensions  now  dates  back 
a  quarter  of  a  century,  and  which  it  was  not  originally  con- 
templated would  be  required  to  subserve  the  purpose  of  a 
general  fundamental  catalogue  up  to  the  present  time. 

In  the  course  of  my  observations  with  the  almucantar,  in 
1884  and  1885.  a  considerable  number  of  apparently  diver- 
gent cases  were  met  with,  some  of  which  were  communicated 
to  the  Astronomische  Ndchricltfen  (Nos.  2687  ami  2691). 
A  more  complete  list  is  contained  in  the  following  tabula- 
tion, where  the  result  of  a  comparison  with  various  other  au- 
thorities is  also  incorporated.  The  list  comprises  twelve 
Hauptsterne  and  the  same  number  of  Zusatzsteme.  Four  of 
the  former  and  two  of  the  latter  class  (those  whose  numbers 
are  marked  *  in  the  table)  were  included  in  the  pre\ 
publication  ;  the  remainder  are  new.  All  but  five  are  con- 
tained in  the  apparent-place  ephemerides  of  the  Berlin 
Jahrbuch  ;  the  five  exceptions  have  their  numbers  in  brack- 
ets. Numbers  137,  203.  224.  226,  338,  360,  464,  472  and 
537  are  not  in  Bradley,  or  he  has  no  right-ascension  for 
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them,  and  he  has   only   one  observation  of    171  and    11-  : 
and    the    proper-motions    of    the    Fundamental    Catalogue 


for  these   stars  have  therefore  been  noted  as  uncertain  by 

AUWEKS. 


HAUPTSTERNE. 


No.  Fund.  Cat. 

137* 

139 

159* 

162 

in 

203* 

Name 

111.  Draconis 

h  Urs.  Maj. 

v  Urs.  Maj. 

/  Draconis 

h  Draconis 

;,  Urs.  Min. 



Pulkowa       1845 

49  — 0.*120 

18  +0.0(16 

4  7  +0*020 

57  +0*018 

39  —  0*021 

48  +0T16 

Greenwich    1861 

(1  +0.009 

6  —0.198 

5  +0.195 

11   +0.026 

20  —0.027 

5  +0.102 

Pulkowa       1865 

+0.061 

+0.051 

—0.010 

+  0.011' 

+0.053 

—0.030 

Greenwich    1872 

7  —0.135 

!)  +0.009 

13      o.ooo 

22  —0.089 

30   -0.027 

22  —0.134 

Cambridge    1*7.". 

36  +0.156 

2  +0.017 

10  —0.059 

58  —0.021 

29  —0.001 

28  —0.048 

1877 

22  +0.274 

3  —0.018 

26  —0.030 

30  +0.06  1 

40  —0.066 

Greenwich    1878 

1   +0.318 

4  —0.128 

7  —0.092 

1   +0.033 

11  —0.038 

1882 

.",   —0.111 

7  +0.069 

3  —0.089 

20  —0.042 

8  +0.048 

4  —  0.14  9 

Almucantar  1885 

7  +0.243 

7  +0.075 

13  —0.135 

8  —0.061 

7  +0.098 

12  —0.249 

No.  Fund.  Cat. 

224 

220* 

240 

268 

302 

303 

Name 

t  Herculis 

i/  Draconis 

j3  Draconis 

}<Lyim- 

01  Cygni  pr. 

fCygni 

Pulkowa        1845 

46  — 0°.031 

48  +0.113 

66  +0*005 

22  —o!  003 

37  —0*0*1 

2  s   +0*007 

Greenwich    1861 

35  —0.069 

51   +0.058 

57  +0.026 

18  —o.oio 

70  —0.016 

130  +0.007 

Pulkowa        1865 

+0.014 

—0.049 

—0.009 

+  0.006 

+0.018 

—0.008 

Greenwich    1872 

25  +0.060 

•20  —0.082 

39  —0.012 

6  +o.ool' 

19  +0.053 

93  —0.004 

Cambridge    1*7.". 

8  +0.0.",.", 

37  —0.135 

39  —0.006 

1    +0.012 

31    +0.037 

23  +0.0  17 

1877 

7  +0.030 

29  —0.185 

15  —0.026 

12  +0.010 

2  +0.072 

29  +0.025 

Greenwich    1*78 

1   +0.026 

9  —0.175 

4    —0.010 

3  +0.01.-, 

2  +0.057 

16  +0.051 

"              1882 

7  +0.116 

14  —0.233 

13  —0.032 

4  +0.041 

8  +0.093 

30  +0.020 

Almucantar  1885 

3  +0.118 

11  —0.177 

2  —0.084 

7  +0.057 

2  +0.142 

4  +0.062 

• 

ZUSATZSTERNE. 

No.  Fund.  Cat. 

[338] 

360" 

3S3 

[429] 

l;;.; 

439 

Name 

Bradley  6 

is  11.  Cephei 

22  H.  Camel. 

35  II.  Urs.  Maj. 

Gr.  1771 

3  Draconis 

Pulkowa        1 8  1 5 

B 

S 

4  +0.052 

8 

s 

~                       8 

Greenwich    1861 

5  —0.239 

3  +0.127 

3  —0.088 

1   —0.044 

4   +0.041 

Pulkowa        1*71 

+O.09O 

+0.073 

—0.011 

+0.002 

—0.011 

+0.036 

Greenwich    1872 

12  +0.009 

16  —0.143 

5  +0.02* 

5  —0.004 

7  +0.049 

7  —0.112 

Cambridge    1*7:', 

21  +0.107 

25  +0.071 

45  +0.031 

7  —0.043 

17   —0.012 

8  +0.02O 

»                1877 

14  +0.174 

35  +0.033 

25  +0.131 

4  —0.033 

2  —0.012 

3  —0.097 

Greenwich    1878 

1   —0.O10 

2  —0.111 

3  —0.233 

3  +0.130 

1  —0.205 

"              1882 

8  +0.462 

5  +0.311 

3  +0.066 

4  —0.157 

4  +0.196 

7  —0.159 

Almucantar  1885 

1   +0.197 

4  +0.224 

5  +0.127 

6   —0.099 

4  +0.073 

8  —0.128 

No.  Fund.  Cat. 

447 

[455] 

[404] 

472* 

[489] 

537 

Name 

70  Urs.  Maj. 

■Gr.  2029 

2H.  Urs.  Min. 

19  Urs.  Min. 

<p  Draconis 

41  H.  Cephei 

Pulkowa        1  *  1 5 

8 

B 

8 

s 

B 

5 

Greenwich    1861 

5  +0.001 

4  +0.150 

5  -0.o*o 

9  +0.043 

8  —0.006 

Pulkowa        1*71 

—0.003 

+0.005' 

—0.005 

+0.090 

—0.028 

—0.020 

Greenwich    1872 

10   +0.006 

3   —0.025 

5  —0.063 

13  —0.031 

8  —O.ooi 

9  +0.056 

Cambridge    1873 

3  —0.084 

13  +0.051 

19  —0.061 

42  —0.001 

22  —0.038 

19  +0.054 

"              1877 

22  +0.002 

6  —o.o*l 

16  —0.015 

3  —0.104 

15  —0.004 

Greenwich    1878 

3  —0.003 

1  +0.105 

2  +0.172 

2  —0.248 

2  —0.016 

1882 

6  —0.089 

10  +0.076 

6  —0.104 

3  +0.221 

4  —0.147 

8  +0.056 

Almucautar  1885 

5  —0.052 

3  +0.180 

4  —0.12  1 

10  +0.312 

3  —0.097 

•  3  +0.073 

As  regards  the  comparison  with  the  various  authorities, 
the  figures  for  Pulkowa  1845,  1865  and  1*71,  and  Greenwich 
1861  and  1872  are  taken  directly  from  the  data  supplied  in 
Publication  XIV.,  Astr.  Ges.,  in  which  were  employed  all  the 
Greenwich  observations  up  to  1876  and  the  Cambridge  ob- 
servations to  1872.     For  the  last  1  have  substituted  the  re- 


sults of  Rogers's  -'Catalogue  of  1213  Stars."  divided  into 
two  groups,  comprising  observations  before  and  after  1875.0, 
and  have  entered  them  as  Cambridge  1873  and  1878,  respect- 
ively, after  applying  the  systematic  corrections  given  in 
A.N.  2687.  The  means  of  the  Greenwich  observations  from 
1877  to  1879.  and  from  1880  to   1**4.  inclusive,  are  entered 
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as  Greenwich  1878  and  1882,  respectively,  applying  Auwers's 

systematic  corrections  for  Greenwich  1872.  The  assumption 
that  these  would  prevail  for  the  later  Greenwich  observa- 
tions was  not  made  without  examination.  That  would  not 
have  been  entirely  safe,  for  this  reason,  if  for  no  other,  that 
since  1876  different  corrections  to  the  Naut.  Aim.  places  of 
the  clock-stars  have  been  in  use  at  Greenwich  ;  although,  to 
be  sure,  these  corrections  were  based  on  the  Nine-Year  Cata- 
logue, 1868-1876,  from  which  Auwers's  corrections  were 
derived.  A  thorough  investigation  being  out  of  the  ques- 
tion, merely  for  the  purpose  of  this  discussion,  about  60 
stars  were  taken  at  random,  and  the  mean  of  the  Greenwich 
observations  from  1880  to  1885  were  compared  with  the 
Berlin  Jahrbuch,  in  groups  of  declination.  The  agreement 
with  the  table  on  p.  10  of  Publication  XIV.  for  Greenwich 
1872,  was  so  close  that  I  deemed  the  adoption  of  the  latter 
to  be  entirely  justifiable. 

We  have,  then,  in  the  table  for  each  star,  the  number  of 
observations  and  the  deviation  of  each  authority,  after  re- 
duction to  the  Pulkowa  system,  from  Adwers's  place.  The 
inspection  of  the  residuals  seems  to  show  in  most  cases  a 
reasonably  good  confirmation  of  the  corrections  indicated  by 
the  almucautar  observations,  the  testing  of  which  was,  in- 
deed, the  primary  object  of  the  investigation. 

Thus,  if  we  combine  the  data  to  form  two  epochs,  one 
based  on  the  Pulkowa  observations  and  Greenwich  1861,  the 
other  on  the  later  authorities  —  adopting  Auwers's  weights 
where  possible,  and  an  analogous  scale  of  weights  for  the 
later  observations — we  get  for  the  Hauptsterne  the  following 
corrections  to  the  right-ascension  and  proper-motion  of  the 
Fundamental  Catalogue. 


Star 
no. 

Correction  Fundamental  Catalog 

ue 

188.-.  0 
Comp.       Almuc. 

137 
139 

15  9 

+0.148 

+0.037 
—0.077 

+0.0090 

0.0000 

—0.0034 

(«- 

1875 
u 

0) 

+0.238 

+0.037 
—0.111 

+0.243 

+0.075 
—0.135 

162 

—0.041 

—0.0043 

it 

—0.084 

—0.061 

171 

203 

+0.026 
—0.089 

+H.0007 
—0.0074 

It 

+0.033 
—0.163 

+0.098 
—0.249 

224 

+0.057 

+0.0014 

IC 

+0.101 

+0.118 

Star 
no. 

( lorrecti 

226 

—0.118 

240 

—0.019 

268 

+0.028 

302 

+0.058 

303 

+0.021 

Correction  Fundamental  Catalogue 


1885.0 
Comp.        Almuc. 


—0.0083  (*— 1875.0)  —0.201  —0.177 

—0.0012             ••  —0.031  —0.084 

+0.0017             ■■  +0.045  +0.057 

+0.0046              ••  +0.104  +0.142 

+0.0013             •■  +0.034  +0.062 

In  the  last  two  columns  are  inserted  the  computed  value 
of  these  corrections  for  1885.0,  and,  for  comparison,  the 
observed  values  indicated  by  the  almucautar  observations 
alone. 

It  is  interesting  to  compare  the  corrections  so  derived  with 
the  standard  places  adopted  in  the  various  ephemerides. 
Accordingly,  I  give  the  following  table  showing  the  devia- 
tions of  the  American  Ephemeris,  Connaissunce  des  Temps 
and  Berliner  Jahrbuch,  for  the  current  year.  1887,  from  the 
above  corrected  places ;  after  applying  the  systematic  dif- 
ferences between  these  various  standard  systems,  as  investi- 
gated by  Dr.  Auwers  in  the  appendix  to  the  Jahrbuch  for 
1884. 


Correction  for  1887 

to  the 

Star 

Amer. 

Conn.  d. 

Berl. 

Ephem. 

Temps 

Jabrb. 

1  H  Draconis 

—0.083 

+0.256 

).  I)rn<r>ii is 

+0.043 

+0.167 

—0.093 

h  Draconis 

—0.194 

+0.034 

y  Ursae  Minuris 

—0.069 

—0.412 

—0.178 

t  Herculis 

+0.026 

+0.110 

ij  Draconis 

—0.140 

—0.578 

—0.218 

.-;  Draconis 

— O.044 

+0.073 

—0.033 

v  Lyrae 

+0.030 

—0.020 

+0.0  is 

gni  (pr.) 

+0.058 

+0.145 

+0.113 

:  ( 'ygni 

+0.067 

+0.033 

+0.037 

Of  the  polars  it  is  to  lie  remarked  that  Gould's  places,  al- 
though the  epoch  of  their  formation  antedates  that  of  the 
other  authorities,  still  hold  in  the  most  satisfactory  manner. 
They  give  decidedly  smaller  corrections  except  in  the  case  of 
a  Draconis.  The  comparison  has  not  been  extended  to  the 
Nautical  Almanac,  because  its  right-ascensions  have  been 
generally  modified  since  1883,  when  Auwers's  discussion  of 
systematic  differences  was  made.  Only  five  of  the  stars  were 
therein  contained. 


Cambridge,  1887  March  26. 


RING-MICROMETER   OBSERVATIONS   OF   COMET   1886    VIII. 


HADE    AT   THE    DUDLEY    OBSERVATORY 

By   H.    V.    EGBERT. 


Albany  M.T. 

* 

No. 
Comp. 

JO.                            JS 

^"'s  apparent 
a                            8 

log  pA 

for  a            for 

h         m        8 

March  20     9  50  53 
26     9     8  17 

1 
2 

12 
14 

m        8 

—2  14.93 
—0  51.15 

i      n 
—4  51.8 
+5  17.2 

h        m       ■ 

22  20  23.18 
22  47     3.26 

o       |          ll 

+56  32  35.7 
+58  45  35.9 

9.094   1  0.937 
9.467   |  0.920 

Mean 

Places  for  1887.0  of  Comparison-Stars. 

* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

1 
2 

h       m        ■ 

22  22  39.45 
22  47  55.78 

8 

—1.34 
—1.37 

o        I          ll 

56  37  35.0 
58  40  26.8 

— 7.5 
—8.1 

Krueger,  Zones  30  and  202 
Krueger,  Zones  335  and  391 
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RENG-MICROMETEB    OBSERVATIONS   OF   COMET    18873   (Barnard,  Feb.  16) 


MAIM'.    \l     I  III'-    DUDLEY    OBSERVATORY 

By   LEWIS   BOSS. 


L887 


Albany  M.T. 


No. 
Comp 


/a 


#■ 


/8 


,^/'s  apparent 


a 


log?  A 

for  a  for  (J 


Fob.  19 
22 
22 
25 
25 


9  20  11 

8  31   57 

9  20  19 
11  35  34 
11  50     5 


+4 
•> 


+  1 


58.6 

17. i 
0  46.9 
2  18.1 

52.* 


+5  1 
—3  37 
+0  14 
+  2  11 
+5   21 


li  HI  S 

6  54    L8.1 

5  55   5 CM 


5  55 
5  11 
5   10 


2:1.7 

4.6 

55.9 


—2  31  56 
+  9  31  39 
+  9  38  49 
+18 
+18 


14 

49 


8.669 
8.975 
9.251 
9.636 
9.645 


0.796 
0.690 
0.689 

0.702 
0.711 


Mean   Places  for  1887.0  of  Comparison-Stars. 


* 

a 

Red.  to 
app.  place 

s 

Kill,  to 
app.  place 

Authority 

1 

2 

3 
1 
5 

ll         111           s 

6  49   is. 73 
5  58  4:;.  19 
5  56  10.04 
5   13  22.44 
5     9     2.82 

+0*82 
+0.55 
+0.54 
+0.28 

+0.25 

O            I            It 

—  2  39   42.1 
+  9  35  27.7 

+  9  38  46.5 
+18     5  11.7 
+18     3  37.0 

it 

—  15.1 
—11.8 
—11.8 

—  8.7 

—  8.6 

<  ordoba  ami  Karlsruhe 
Albany  Transit-Circle 
ii  Orionis 

Weisse's  Bessel,  31 9 
Weisse's  Bessel,  185 

NOTES. 


The  observations  of  February  19  and  February  22,  were  made  in 
great  haste,  as  opportunity  offered  through  breaks  in  the  clouds. 
The  placing  of  the  objects  in  the  ring  was  not  always  the  most 
favorable  for  accurate  differences  of  declination.  At  the  obser- 
vation of  February  25,  this  comet  appeared  lo  me  to  lie  at  least  three 


limes  as  brighl  as  the  Finlay  comet,  which  I  hail  observed  on  the 
same  evening.  A  part  of  the  comparisons  in  the  first  set  of  Feb.  2."> 
was  made  after  those  of  the  second  set.  The  computed  values 
of  logpA  in  "'is  case  correspond  to  the  mean  values  of  that  quan- 
tity, rather  than  to  tin'  mean  of  the  times. 


NOTE    OX    COMET   188(5e    (FINLAY.) 

From  a  Idler  of  Prof.  J.<"i.-<  Boss  to  the  Editi 


My  last  observation  of  the  Finlay  Comet  was  made  on  the 
evening  of  Feb.  25,  when  I  compared  it  with  Weisse  III. 
655,  with  this  resulting  comet-position  : 

Albany  M.T.  App.  «  App.  ^ 

1887  Feb.  25     9h  34'"  28s      3"  34"'  31\4      +21°  28' 47" 

This  is  the  mean  of  eight  ring-micrometer  determinations 

(13-inch  equatorial),  and  gives  as  corrections  to  the  ephern- 

eris  published  in  No.  150  of  the  Ast r.  Journal :  ,/«  =  +7\0, 

z/o  =  +19''.     On  the  occasion  of  this  observation   the  at- 


mosphere appeared  to  me  to  lie  remarkably  pure  and  quiet, 
yet  the  comet  was  so  taint  that  I  was  not  always  able  to  see 
it  continuously  across  the  held  of  view-.  As  the  comet  on 
March  11  is  less  than  two-thirds  its  brightness  ou  Feb.  25. 
it  does  not  appear  to  me  worth  while  to  extend  the  ephemeris. 
Should  others  desire  to  do  so  they  are  cautioned  to  omit  the 
negative  sign  in  connection  with  the  logarithms  contained  in 
the  equations  of  heliocentric  coordinates,  p.  13,  No.  150 
Astr.  Journal. 


S  HYDRA  i:  issr,. 


Ry  EDWIN  F.   SAWYER. 


This   star   was   observed   on   twenty-one  evenings,  from 

March  17  to  May  16.     When  first  seen,  on  March  17,  S  was 

lis  >  DM.  3°, 2095,  and  5  steps  <  DM.  3°, 2093,  orabout 

8M.6.     The  increase  of  light,  although  uniform,  was  not  very 

rapid.     A  maximum  was  passed  on  April   2,  the  maximum 

Cambridgeport,  1887  April  4. 


brightness  being  5+  steps  >DM.  3°,2095,  and  3  steps 
>DM.  3°,2093,  or  8M.2.  The  decrease  of  light  was  slow 
and  uniform,  and  when  last  observed,  on  May  1(1.  S  was  ( 
steps  >1)M.  3V20S1  —  DM.  3°,2076,  and  4  steps  <  DM. 
:;  ,2088,  or  8M.8. 
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THE   VARIABLE   STAR   F.10   8AGITTAJE. 

49™  25s,     +16J   15'. 4     (1855.0). 
By  Wm.  MAXWELL  REED. 


From  a  two  months'  series  of  observations,  the  following 
maxima  and  minima  were  deduced  by  means  of  Argelander's 
method  and  a  light-curve.  They  have  been  compared  with 
Mr.  Chandler's  elements  of  this  star,  published  in  the  Astr. 
Ndchr.,  no.  2749.  p.  217. 

The  mean  correction  for  the  maxima  by  weights  is  thus 
— 0d.32,  with  a  probable  error  of  ±0d.20. 

This  deviation  of  — 0d.32  corresponds  to  a  correction  of 
the  assumed  period  by  — l^.OS  :  but  for  the  amouut  of  the 
probable  error,  the  reality  of  such  a  correction  may  be 
regarded  as  doubtful,  to  bo  settled  by  future  observations. 
It  will  be  noticed  that  the  above  minima  occur,  without  ex- 
ception, before  the  assumed  time.  It  is  therefore  likely  that 
the  period  of  increase  is  about  four  days. 

Cambridge,  1887  January  in. 


(  Observed  Maxima. 

E 

Camb.  M.T.                      »i. 

i  >-<: 

42!' 

1.-st;  Oct.    20.9<         1 

+0.99 

431 

Nov.     4 . 4  .">          1 

—1 .30 

4.12 

14.31          1 

+0.18 

434 

29.65         2 

—  1.24 

135 

Dec.     9.31           1 

+0.03 

436 

17.2H          1 

—1.39 

437 

2G.72          2 
(  Observed  Minima. 

+0.70 

E 

Camb.  M.T.                     Wt. 

o-c 

429 

1886  Oct.    24.38         3 

—0.98 

433 

Nov.  26.30         1 

—1.59 

435 

Dec.   13.23         1 

—0.43 

436 

20.88         1 

—2.16 

437 

29.70         1 

—1.70 

ELEMENTS    AND   EPHEMERIS   OF   COMET    18875  {Brooks,  Jan. 23) 

By   LEWIS    BOSS 


On  March  12.  I  obtained  this  positi >f  Brooks's  Comet, 

using  the  filar-micrometer : 

Albany  M.T.  App.  a  App.  <> 

3h55ra  598.81  +  45    4'  57".2 

The  star  of  comparison  is  Weisse's  1303.  Combining 
this  with  an  Albany  observation  of  January  24,  and  with  a 
position  for  1887.0  derived  from  observations  at  Dresden, 
Gdttiugen,  Hamburg  and  Kiel,  on  February  15 

Greernv.  M.T.  Con.  a  Corr.  & 

12b3o">39~  2h4"M\51  71°  53' 1".4 

the  elements  here  given  were  derived.  The  positions  were 
reduced  to  the  mean  equinox  of  1887.0,  and  by  means  of 
the  elements  of  this  comet,  published  in  No.  152  of  this 
Journal,  were  also  freed  from  the  effects  of  parallax  and 
aberration.     The  new  elements  are  these  : 

T  =    lss7  March  16.9819  Greenw.  M.T. 

<«  =   159°  9'    0") 

Q,  =   279  49  58    f  1887.0 

i  =    104  18  19    ) 

log  q  =   0.213070 

The  representation  of  the  middle  place  is  (C— O)  : 
J/  cos  ri  =  +9".0  ;     Jp1  =  — 4".  1 

These  residuals  could  have  been  made  smaller  by  a  repe- 
tition of  the  calculation  with  an  improved  ratio  of  the 
geocentric  distances ;  and  it  consequently  appears  that  the 

Dudley  Observatory,  1887  March  15. 


orbit  of  this  comet  does  not  materially  differ  from  the  para- 
bolic form.  It  is  uot  likely  that  the  comet  can  be  followed 
after  the  new  moon  at  the  end  of  April,  chiefly  because  of 
its  lessening  elongation  from  the  sun. 


Ephemerie 

Greene  i>  H 

Midnight. 

i--; 

App.  a 

App-  S 

log  A 

Light 

March  21 

1!  13    12 

+37" 

52.1 

0.23  is 

0.8 

23 

16  34 

36 

26.4 

0.2438 

25 

19  50 

35 

4.3 

0.2527 

0.7 

27 

22  58 

33 

45.6 

0.2615 

29 

26     1 

32 

30.1 

0.27i>2 

31 

28  58 

31 

17.7 

0.2788 

April      2 

31   51 

30 

8.-2 

0.2872 

0.6 

4 

34  4(i 

29 

1.5 

0.2955 

6 

37   24 

27 

5  7.2 

0.3035 

8 

40     5 

26 

55.3 

0.3114 

10 

42  43 

25 

55.7 

0.3191 

0.5 

12 

45   18 

24 

58.3 

0.3266 

14 

47  50 

24 

2.s 

0.3340 

1G 

50  20 

23 

9.0 

0.3411 

18 

52  48 

22 

16.9 

0.3480 

20 

55   14 

21 

26.4 

0.3548 

22 

4  57  39 

20 

37.5 

0.3613 

0.4 

24 

5     0     1 

19 

49.9 

0.3676 

26 

2  22 

19 

3.6 

0.3737 

28 

4  41 

18 

18.4 

0.37:' 7 

30 
The  bri£ 

5     6  59 
drtness  at  .Tanu 

+17 

irv  24 

34.3 

is  tak 

0.3854 
eu  as  unitv. 

0.3 
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OBSERVATIONS   OF  8 APPRO  ®,  NEAR   OPPOSITION, 

MADE    AT   THE    WASHBURN    OBSERVATORY,    MADISON,    WIS. 

(Communicated  by  Prof.  John  E.  Davies,  in  charge  of  the  Observatory.) 


1887  Madison  M.T. 

* 

No. 

®- 

-* 

SJl's  apparent 

log  j/A 

Obsv'r 

t  omp. 

la. 

jS 

a                       o 

I 

for  a               for  A 

ID          S 

i     a 

h         ni        s 

Jan.  14 

12   14  21  ) 
12  58  51  [ 

1 

10 

+  1     4.21 

—7     6.30 

ti  58     7.75 

-|-9     4     6.5 

9.0000 

0.692U 

M.U. 

14 

1 

6 

+  1     2.17 

—7     0.67 

6  58     5.71 

•4-9     4   12.1 

9.2648 

0.61' 72 

J.E.D. 

17 

12  38  31 

1 

20 

—1  58.79 

—0  23.70 

6  55     L76 

+9  10  48.8 

9.2304 

0.69."..". 

M.U. 

20 

10  55     31 

1 1  52  36  j 

2 

6 

—4  51.23 

+0  17.67 

6  52  17.03 

+9   18  12.0 

7.7782 

0.6866 

M.U. 

20 

2 

5 

— l  ."..;.  4  7 

+0  24.23 

6  52   14.79 

-f9  18  18.5 

9.0531 

0.6.s;».) 

J.E.D. 

25 

Ki  28     3 

3 

9 

+2  33.02 

—1   17.97 

6  47  57.04 

+9  32  53.4 

7.3000 

0.6*1^ 

M.U. 

26 

10     6  28 

3 

1 

+  1  46.30 

+1   50.87 

6  47   10.92 

+9  36     2.2 

i8.5051 

0.6M- 

M.U. 

28 

9  42     3  ) 
10  10  51  | 

3 

10 

+0   16.54 

+8  18.60 

6  45  41.14 

+9  42  29.9 

a  7. 7559 

0.6839 

A  M.L. 

28 

3 

15 

+0   15.54 

+8  24.15 

6  45  40.14 

+9  42  35.4 

«7.6990 

0.6830 

M.U. 

Adopted   Mean    Places  for  18s,.o  of   Comparison—Stars. 


Red.  to 

S 

Red.  to 

Date  1887 

* 

a 

app.  place 

app.  place 

o       i        ;/ 

it 

Jannarv  14 

1 

6  57     2.60 

+U.94 

+9   11   23.1 

—10.4 

i(Lalaude  +  2d  Radcliffe  Cat.  +  Glasgow  Cat.) 

17 

1 

6  57     2.60 

+0.9.") 

+9  11   23.1 

—10.6 

it                                       ..                              C(                               (C 

20 

2 

6  57     7.29 

+0.97 

+9   18     5.2" 

—10.9 

i(Gr.  VII.  +  2d  Radcliffe  Cat.  +  Glasgow  Cat.) 

2.". 

3 

6  45  23.66 

+0.96 

+9  34   22.4 

—11.1 

i(  Weisse's  Bessel  -f-  Glasgow  Cat.) 

26 

3 

6  45  23.66 

+0.96 

+9  34   22.4 

—11.1 

u 

28 

3 

6  45  23.66 

+0.94 

+9  34  22.4 

—11.2 

fc£ 

The  above  observations  of  Sappho  ©  with  the  filar-micrometer 
of  the  15.J  inch  equatorial,  of  the  Washburn  Observatory,  were 
made  in  answer  to  a  request  to  me  from  Mr.  S.  W.  Burnham,  of 
Chicago,  who  transmitted  to  me  the  following  letter  received  by 
him  from  Mr.  Robert  Bryant,  of  the  Royal  Astronomical  Society, 
London. 

"  In  1889  there  will  be  a  favorable  opposition  of  Supphn  for  the 
determination  of  the  Solar  parallax,  and  for  this  purpose  I  am  en- 
gaged in  determining  its  orbit.  There  are,  however,  few  observa- 
tions of  the  planet.  There  were  none  published  between  1872  and 
1882,  and  none  since  1882.  May  I  ask  that  under  these  circum- 
stances you  will  assist  me  by  making  such  observations  of  (§y)  as 
you  can  next  January;  more  especially  as  the  planet,  on  account  of 
its  faintness,  will  be  beyond  the  reach  of  all  except  the  finest  in- 
struments, at  least  for  accurate  observation."     Accompanying  this 


letter  was  an  ephemeris  of  the  planet  for  the  period  from  January 
7  to  February  6,  1887. 

Mr.  Burnham  wrote  that  it  would  be  impossible  for  him  to  make 
the  observations  and  requested  me  if  possible  to  do  so.  A  run  of 
unfavorable  weather  at  the  time  of  the  receipt  of  Mr.  B.'s  request, 
and  subsequent  bright  moonlight,  prevented  the  begiuning  of  ob- 
servations until  January  14.  since  which  time  the  plauet  has  been 
observed  on  every  clear  night. 

The  comparison-stars,  numbered  above  as  one.  two.  three,  were 
found  in  Lalande,  the  2d  Radcliffe  Cat.,  Greenwich  7-Year  tat.. 
Weisse's  Bessel.  and  the  last  Glasgow  Cat.  In  the  latter  catalogue 
all  three  stars  are  found  and  are  numbers  1734.  1735  and  1070  for 
stars  one.  two  and  three,  respectively.  The  observers  were  M. 
Updegrakk,  Miss  A.  M.  Lamb  and  myself. 


OBSERVATIOXS   OF   COMET    1887  6  {brooks) 

MADE    WITH    THE    9.6    INCH    EyiATORIAL    AT    THE    U.S.    NAVAL    OBSERVATORY 

By  Prof.  E.  FRISBY. 
(Communicated  by  the  Superintendent.) 


Washington  M.T.  1887.0 


No. 
Comp. 


;— * 


la 


JB 


<£/'*  apparent 


logpA 

for  a  for & 


March  11     8  30     8.5 
12     8  46  52.0 


20,4 

|     20,4 


+2  58.22 
—4  33.52 


+0  16.1 
+4  20.8 


3  53  51.54 
3  56     6.23 


o        /         ii 

+47  57  10.3 
+45     3     2.6 


9.746 
9.764 


D.268 
0.229 
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Mi  an 

Plans   J 

or   1887.0  of 

Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 

app.  place 

Authority 

1 

2 

h          m        s 

3  50  53.71 

4  0  40.08 

— o'.39 
—0.33 

+45  56  53.3 
+44  58  40.8 

+0.9 
+0.9 

Rumker,  N.F.  2024 
Weiise  III.  1249 

ELEMENTS  AND  EPHEMERIS   OF   COMET    1887c  =  1886  VIII. 


By  II.   V.   EGBERT. 


The  elements  herewith  transmitted  are  based  upon  the  ob- 
servations given  below.  For  the  middle  place  the  details  of 
the  observation  were  kindly  furnished  by  Prof.  Feisbt. 

The  comparison-star  having  a  proper-motion,  I  have 
adopted,  as  the  place  for  1887.0,  «  =  20"  28m  52M9  :  8  = 
41°  29'  56". 5,  with  a  proper-motion  of  —0. 017  and  +0".45. 
The  other  places  were  determined  by  myself;  the  Grst  with 
a  filar  and  the  last  a  ring-micrometer.  On  March  20,  the 
theoretical  light  being  0.5,  the  cornel  was  still  easily  ob- 
served. 


1887  Greenw.  M.T. 
Jan.    24      22"  59m  11s 
Feb.   18      22    20    39 
Mar.  20       14    45     52 


App.  a 
19"  10"'  19s.99 
20    25    24  .!  I 
22    2(»    23.18 


App.  .1 
+25"  58'  1  I'.:: 
11    24   24  .1 
56    32  .';.">  .7 


Elements. 
T  =  1886  Nov.  28.37512  Gr.  M.T. 
,u   =     31°  53'  16") 
ft  =  258    11  58    [M.  Eq.  1887.0 
i    =  ■  85    35   IS   ) 
log  q  =  0.170274 

Ltmlley  Observatory.  Albany,  1887  March  23. 


C— 0  : 


.//.  cos  p  =  — 2". 6 


./,-; 


+  7.6 


.r 
V 


1SS7 


1 1  ELIOCENTRIC    COORDINATES. 

r  [9.338309]  sin  (v  +  322°    6'    2".7) 
=  r  [9.994619]  sin  (r  +  277    16  50  .7) 
=  r  [9.994942]  sin  (r  +       8    40  25  .8) 

Ephemeeis  for  Greenwich  Midnight. 
a  8  log  A 


Light 


Mar. 

30 

23     5     6 

+60     2.9 

0.4095 

0.41 

Apr. 

3 

23  23  48 

61   13.2 

0.4185 

0.38 

7 

23  42    15 

62  15.2 

0.4276 

0.35 

11 

0     1  50 

63     9.3 

0.4367 

0.33 

15 

0  20  57 

63  55.8 

0.4458 

0.30 

19 

0  40     0 

64  35.2 

0.4549 

0.28 

23 

0  58  52 

65     8.0 

0.4638 

0.26 

27 

1   17  26 

65  34.7 

0.4725 

0.24 

May 

1 

1   35  36 

+65  55.9 

0.4811 

0.23 

ON   THE   NEW   VARIABLE    U AQUILAE. 

19h  22m  388;     —7°  17'.9    (1875.0) 
By  EDWIN  F.  SAWYER. 


The  following  provisional  elements  have  been  determined 
for  the  above  variable,  from  a  discussion  of  my  observations 
extending  from  1886  September  21  to  December  20  (the  dis- 
covery having  been  commtmicated  in  No.  147  of  this  Jour- 
nal). 

M=  1886  September  20d.01  (Camb.  M.T.)  +7,1.0  E. 
Duration  of  increase      =     2d.5 
"  "  decrease     =     4  .5 

T.    ..      .        ...       (Maximum,      L  =  14.9  =  6M.3 

Limits  of  variation  <  ,,.   .  r  .  ,,        n    „ 

(  Minimum,       L  =    4.6  =  7  .6 

From  the  limited  series  of  observations  the  following  first 

approximation  to  the  light-curve  is  obtained  : 

Before  Maximum:. 

d 

—1.5 
—1.0 


d 

—3.0 
—2.5 
—2.0 


L  — 

L  = 
L  = 


5.0 
4.6 
4.7 


—0.5 


L=  5.6 
L=  9.0 
L—  14.0 


A  iter  Maximum. 

(1 
+0.5 

L=  14.2 

+3.0 

i  =  7.4 

+1.0 

L=  12.4 

+3.5 

L  =  6.4 

+  1.5 

L=  10.0 

+4.0 

L  =  5.0 

+2.0 

L=    8.8 

+4.5 

L  —  4.6 

+2.5 

L  =    8.2 

+5.0 

L  =  4.7 

Using  values  of  L  >  9  for  determining  maxima,  and  the 
others  for  determining  minima,  and  applying  to  the  times  of 
each  observation  of  the  variable  the  correction  indicated  by 
the  comparison  of  its  observed  light  with  the  mean  light- 
curve  readings  given  above,  the  following  observed  times  of 
maxima  and  minima  have  been  determined.  The  number  of 
observations  used  in  deducing  each  phase  is  employed  in  de- 
noting the  weight  of  the  observation. 
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Obsekv  ed  .Maxima. 

Observed  Min 

MA. 

K 

Camb.  M  T. 

Wt. 

o-c 

K 

Camb.  Mr. 

Wt. 

o— c 

0 

1886  Sept.  19.88 

1 

—0.16 

0 

L886  Oct.    23.57 

■y 

+0.42 

;i 

Oct.    17.97 

1 

-0.07 

■2 

Nov.     6.06 

2 

—0.09 

4 

23.89 

■> 

—1.15 

3 

13.00 

1 

—0.15 

5 

Nov.     1.00 

2 

—0.04 

4 

19.81 

2 

—0.34 

6 

8.20 

3 

+0.16 

5 

26.84 

-> 

+0.31 

7 

15.11 

2 

+0.07 

6 

Dec.     4.:;:; 

■> 

+0.18 

8 

22.43 

3 

+0.39 

8 

18.52 

1 

+0.37 

9 

29.62 

■> 

+0.58 

11 

Dee.    13.11 

1 

+0.07 

12 

19.64 

1 

—0.40 

The  light-curve  exhibits  a  uniform  and 
Cambridgeport,  1887  March  29. 


rather 


rapid  increase,  and  a  slow  and  somewhat  irregular  decrease. 


TWO    HUNDRED   SIXTY-FIFTH   ASTEROID. 


This  was  discovered  on  the  night  of  February  25th,   1  >y - 
Dr.  J.  Palisa,  at  Vienna,  and  the  positions  determined  on 
the  25th  and  27th  were  communicated  by  telegraph. 

The  Astronomische  NachricJiten,  No.  2776,  contains  an  ad- 
ditional position  observed  at  Hamburg,  Feb.  28.  The  series 
of  observations  is  as  follows  :  — 


1887      Local  M.I'. 

h        in        B 

Feb.  25     12  33    5 
13  55  59 

27  10  10  56 

28  11  26    7 


10  31  4:;. 55 

31  37.90 

10  28  33.83 

10  26  47.67 


Magnitude 


[2M.5. 


+7  49  45.4 

49  10.1 

+7  32  16.5 

+  7  22  21.5 


Vienna 


Hamburg 


CORRIGENDA. 


No   150.  p.  43.     Omit  the  «s  prefixed  to  the  logarithms  in  the  equations  of  the  coordinate-  for  L886.0  and  1887.0. 

p.  47.  Ephemeris  of  Comet  of  Kinlay  :  Transfer  the  value  of  the  "  App.  a "  opposite  Feb.  -'.">  to  March  3.  and  raise  all  other 
values  one  line;  over  the  figures  in  the  column  "Hourly  Motion."  for  read  ";  in  column  "log  A,"  opposite 
March  3.  for    0.900574,     read     0.200574. 
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ON    THE    PARALLAX    OF   a  TAURL 


liv   Prof.  a.  IIALI.. 


(Communicated  by  Captain  1!.  L.  1'iiythian.  Superintendent  Naval  Observatory.) 


Director  Otto  von  Strove,  of  the  Pulkowa  Observatory, 
has  published    recently  a  determination  of  the  parallax  of 

this  star  and  finds  the  result 

-  =  -4-0".516     ±0".057. 

This  value  has  l>eeu  found  from  the  angles  of  position  and 
the  distances  i>f  a  companion  of  the  lltli  magnitude,  and 
the  observations  extern!  from  December  1.  1850,  to  March 
18,  1857.  These  observations  are  not  very  numerous,  but 
the  excellent  agreement  between  the  values  of  the  parallax 
found  from  the  angles  and  the  distances  gives  great  weight 
to  this  determination,  and  justifies  the  assertion  of  Struve 
that  a  Tauri  is  one  of  the  -tars  nearest  our  solar  system. 

On  beginning  observations  of  Saturn  in  October,  1886,  I 
found  that  it  would  require  but  little  more  time  to  make  some 
measures  of  a  Tauri  and  its  companion ;  and  1  was  curious 
to  see  how  my  result  for  parallax,  derived  from  similar  ob- 
servations of  the  same  stars,  would  agree  with  that  found  by 
Strive.  The  following  an'  my  observations  of  a  T><>tr;  ami 
its  companion.  Each  observation  consists  of  four  settings 
the  position-circle,  and  of  four  measures  of  the  double  dis- 
tance. The  magnifying  power  was  383.  When  the  atmos- 
phere was  in  a  good  condition  the  image  of  the  blight  star 
appeared  as  a  small  disk  surrounded  by  streamers  of  light, 
and  this  disk  could  he  bisected  in  a  satisfactory  manner: 
but  on  a  few  nights  the  disk  was  lost  in  a  blaze  of  light,  and 
the  bisections  were  uncertain.  On  the  whole  1  think  the  ob- 
servations of  the  ancles  and  tin'  distances  are  fair. 


Date 

Sid. 
Time 

P 

s 

Wt.  Temp. 

Notes 

1886  Oct. 

2 

h      ni 

4  10 

:;L4s7 

116.25 

2      18?0 

blazing  ini*£Ps 

.-; 

-1  45 

34. ."..Mi 

116.05 

3 

45.0 

4 

4  52 

34.. Vs:. 

116.09 

2 

49.0 

5 
6 

4  55 

5  9 

34.605 
34.348 

115.79 

116.42 

2 
2 

54.5 
50.0 

hazy  and  blaz- 
ing iinajri's 
h!azit'_ 

7 

4  55 

34.380 

lb;.:;:' 

3 

5D.5 

8 

:.  13 

3  4.. '.1 2 

116.20 

3 

51.2 

9 

4  40 

34.500 

116.13 

3 

54.8 

10 

.">  15 

34.510 

116.24 

3 

:,:,..-. 

Hate 

Sid. 

Time 

P 

s 

Wt. 

Temp. 

Notes 

h      ni 

O 

a 

O 

1886  Oct. 

11 

5  28 

34.4*0 

116.17 

3 

56.2 

1887  Feb. 

27 

5  43 

34.500 

116.17 

3 

29.5 

windy 

28 

5  20 

34.500 

116.38 

2 

30.0 

Mar 

1 

34.575 

lie. 11 

3 

41.0 

8 

5  ;;;i 

34.625 

lit;. 22 

3 

49.0 

in 

:,  46 

31.775 

llC. 54 

3 

47.0 

11 

.'.  19 

34.550 

116.47 

2 

41.8 

12 

5  55 

34.650 

116.20 

2 

45.5 

i:; 

6    3 

34.600 

116.11 

2 

47.5 

14 

6    5 

34.475 

lit!. 41 

9 

;;.;.(. 

windy 

15 

6  10 

.".4.7(1(1 

116.27 

3 

47.3 

cloudy 

These  observations  require  corrections  for  differential  re- 
fraction, and  reduction  to  the  epoch  1 887.0.  The  first  column 
of  the  following  table  gives  the  date  in  Greenwich  M.T.  for 
interpolating  the  longitude  and  radius-vector  of  the  sun. 
The  next  column  gives  the  correction  J/,  for  differential  re- 
fraction. For  the  reduction  on  account  of  the  proper-motion 
of  ic  Tauri,  I  have  assumed  the  annual  variations  in  the  angle 
and  distance  of  the  companion  to  he 


Hi,  =  — 2'.0 


'V 


An  =  -|-0".150, 


and  this  reduction  is  given  under  the  head  J".  The  reduc- 
tion for  precession,  nutation  and  aberration  has  heen  com- 
puted from  the  formulas  given  in  the  last  section  of  Brun- 
now"s  Astmnomy.  This  quantity  is  given  in  the  columns  Jp 
and  Js;  and  finally  Jr  is  the  reduction  of  the  distances  to 
the  temperature  50°  Fahr. 

The  coefficients  for  the  annual  parallax  have  been  com- 
puted by  the  formulas  of  Bessei.,  Astronomische Nachricliten, 
Band  16,  p.  s:i.  As  there  appears  to  be  a  misprinl  in  the 
Nachrichten,  the  formulas  are  repeated  here.  Denoting  by 
a  and  8  the  right  ascension  and  declination  of  the  point  mid- 
way between  the  stars,  by  £  the  obliquity  of  the  ecliptic,  and 
by  p  and  s  the  angle  of  position  and  the  distance,  we  com- 
pute the  four  auxiliary  quantities: 


sin  s  cos  d  cos  / 


/»  sin  M  =  —  cos  £  cos  a  sin  p  -j-  cos  £  sin  «  sin  8  cos  y. 

in  cos  3/  =r  sin  (V  cos  a  cos  p  -\-  sin  a  sin  p 
in'  sin  W  =  i[ —  cos  £  cos  a  cos  /;  —  cos  £  sin  a  sin  5  sin  p  -4-  sin  r  cos  S  siu  /.] 
in'  cos  AT  i=  J[ —  sin  8  cos  a  <\n  p  -\-  sin  «  cos  p~\ 
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If  n  be  the  parallax  of  the  star,  8  the  longitude  of  the  sun,    |  For  the  present  case  we  have 


and  R  its  radius  vector,  the  expressions  for  the  parallax  in  ^  _     jggo  2g'.9 

distance  and  angle  of  position  are  jlf  =  343    22.0 

ds  =  -  Em   cos  (6  —  M) 

dp—  -  Km'  cos  (0  —  J/') 

TABLE   OF   REDUCTIONS. 


log  m    =  9.83921 
log  sm'  =  9.86303 


ANGLE 

DISTANCE 

Date 

J/> 

Jfl 

Jp 

Po 

Jp 

Af 

Js 

J- 

So 

1886  Oct. 

2.S.V17 

-fo.ooi 

—0.008 

+0.001 

34.479 

+0.035 

+0.0,37 

+0.009 

+0.001 

116.332 

3.8761 

0.001 

0.008 

0.001 

.542 

0.037 

0.037 

0.009 

+0.002 

116.135 

4.87*2 

0.001 

0.008 

0.001 

.577 

0.037 

0.037 

0.009 

0.000 

116.173 

5.8775 

0.001 

0.008 

0.001 

.597 

0.037 

0.036 

0.009 

—0.002 

115.870 

6.8*44 

0.002 

0.008 

0.001 

.339 

0.039 

0.036 

0.009 

0.000 

116.504 

7.8719 

0.001 

o.oo.s 

0.001 

.372 

0.038 

0.035 

0.009 

0.000 

116.472 

8.8817 

0.002 

0.007 

0.001 

.534 

0.039 

0.035 

0.009 

—0.001 

116.282 

9.8560 

0.001 

0.007 

0.001 

.493 

0.037 

0.034 

0.009 

0.002 

116.208 

10.8775 

0.002 

0.007 

0.001 

.502 

0.039 

0.034 

0.009 

0.003 

IK!. 319 

11.8837 

o.ool 

—0.007 

+0.001 

.473 

0.040 

+0.033 

+0.009 

—0.1  HI.", 

116.249 

1887  Feb. 

27.5146 

0.001 

-f0.005 

—0.001 

.503 

0.041 

—0.024 

—0.012 

+0.010 

116.185 

28.4959 

0.002 

0.005 

0.001 

.502 

0.039 

0.024 

0.011 

0.010 

116.3:»4 

Mar. 

1.4931 

0.002 

0.005 

0.001 

.577 

0.039 

0.025 

0.011 

+0.004 

116.117 

8.4876 

0.001 

0.006 

0.001 

.629 

0.041 

0.028 

0.011 

0.000 

in;. 222 

10.4869 

0.001 

0.006 

0.001 

.779 

0.042 

0.029 

0.012 

+0.001 

116.542 

11.4862 

0.001 

0.006 

0.001 

.554 

0.042 

0.029 

0.012 

0.004 

116.175 

12.4876 

0.001 

0.006 

—0.001 

.654 

0.043 

0.029 

0.012 

0.002 

116.204 

13.4903 

0.002 

0.007 

0.000 

.605 

0.044 

0.030 

0.011 

0.001 

116.114 

14.4890 

0.002 

0.007 

0.000 

.480 

0.044 

0.030 

0.011 

0.007 

,   116.420 

15.4897 

+0.002 

+0.007 

0.000 

34.705 

+0.045 

—0.031 

—0.011 

+0.001 

116.274 

In  forming  equations  of  condition  it  is  a  general  rule  to 
introduce  corrections  to  the  constants  assumed  in  the  reduc- 
tions, but  here  I  omit  the  differential  correction  to  the  con- 
stant of  aberration,  since  there  seems  to  be  no  physical 
reason  why  this  constant  should  be  different  for  the  two 
stars.  The  corrections  to  the  assumed  values  of  the  proper- 
motions  are  omitted  because  the  proper-motion  of  a  Tauri 
is  well  known,  and  the  observations  extend  over  such  a  short 


time  that  in  the  solution  these  corrections  would  have  no 
weight.  The  values  of  the  angle  and  distance  have  been  as- 
sumed for  1887.0  to  be 

^  =  34°. 542,  s  =  116".273. 

If  x  be  the  correction  to  the  assumed  angle  or  distance, 
and  y  the  parallax,  we  have  the  following  equations  of  con- 
dition. 


ANCLE 

DISTANCE 

No. 
1 

Equation 

Residual 

Equation 

Residual 

a;— 0.6518 

y  +0.128 

=  0 

+0.020 

X  —  0.5471 

y  —0.059  =  0 

—0.080 

2 

0.6457 

+O.000 

=  0 

—0.107 

0.5394 

+0.138  =  0 

+0.118 

3 

0.6396 

—0.071 

=  0 

—0.177 

0.5.'!  17 

0.100  =  0 

+0.080 

4 

0.6333 

—0.112 

=  0 

—0.217 

0.5 23 9 

+0.403  =  0 

+0.384 

5 

0.6267 

+0.112 

=  0 

+0.308 

0.5159 

—0.231  =  0 

—0.250 

6 

0.6201 

().:',  i:. 

=  0 

+0.242 

0.507'.) 

0.199  =  0 

—0.218 

7 

0.6132 

0.016 

=  0 

—0.086 

0.4995 

—0.009  =  0 

—0.027 

8 

0.6063 

0.099 

=  0 

—0.002 

0.491:; 

+0.065  =  0 

+0.047 

9 

0.5989 

0.081 

=  0 

—0.018 

0.4826 

—0.046  =  0 

—0.064 

10 

—0.5915 

0.140 

=  0 

+0.042 

—0.4738 

+0.024  =  0 

+0.006 

11 

+0.72 10 

+o.o7:i 

=  0 

+0.194 

+0.11, ::  17 

+0.088  =  0 

+0.111 

12 

0.7219 

—0.081 

=  0 

+0.196 

0.67.S4 

—0.121  =  0 

—0.098 

13 

0.7227 

0.071 

=  0 

+0.044 

0.6768 

+0.156  =  0 

+0.179 

14 

0.7221 

0.177 

=  0 

—0.062 

0.6604 

+0.051  =  0 

+0.O7;; 

15 

0.7199 

0.481 

=  0 

—0.366 

0.6539 

—0.269  =  0 

—0.247 

16 

0.7186 

0.024 

=  0 

+0.091 

0.6504 

—0.202  =  0 

—0.180 

17 

0.7170 

0.227 

=  0 

—0.112 

0.6466 

+0.069  =  0 

+0.0H1 

18 

0.7151 

— 0.12S 

=  0 

—0.014 

0.6127 

+0.159  =  0 

+0.180 

19 

0.7131 

+0.126 

=  0 

+0.240 

0.0:;  86 

—0.147  =  0 

—0.126 

20 

+0.7108 

—0.331 

=  0 

—0.217 

+0.6342 

—0.001  =  0 

+0.020 
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The  notes  for  a  few  of  the  observations  would  justify  a 
diminution  of  the  weights,  especially  on  October  5,  but  in  re- 
ducing to  the  normals  equal  weight  has  been  assigned  to  each 
of  the  observations.  In  this  way  the  normal  equations  and 
their  solutions  are  as  follows  : 

ANGLE. 

-(-20.0000.r         -(-0.9551?/         — 0".1150=0 

+  0.9551  x         -j-9.0399  y         —1.4678=0 

x  =  —  0".002  ±0".0275  :  [nn.2]  =  0".5951 

y  =  +  0  .163  ±0  .0409  ;  Ipir       —  0  .5951 

The  probable  error  of  a  single  equation  is  ±0".123. 

DISTANCE. 

+20.0000  x         +1.4514  y 

+  1.4514  a-         +6.9282  y 
x  —  —  0".001  ±0".0253  ; 
y  =  +0  .035  ±0  .0431  ; 


— 0".0310  =  0 
—0  .2404  =  0 

[nn.2]  =  0".5007 
Ipv1      =  0  .5006 


The  probable  error  of  a  single  equation  is  ±0".112. 
Washington,  Ins;  March  30. 


The  mean  value  of  the  parallax  of  a  Tauri  from  these  ob- 
servations is,  therefore, 

-  =  +0".102  ±0.0296. 

The  values  of  the  angle  of  position  and  the  distance  of 
the  companion  for  1887.0  are 

p  =  34°.541;         s=116".272. 

It  will  be  noticed  that  the  resulting  value  of  the  parallax 
is  only  one-fifth  that  found  by  Struve.  The  residuals  and 
the  probable  error  of  a  single  observation  are  not  larger  than 
what  might  be  expected  when  we  consider  the  brightness  of 
the  principal  star.  The  observations  were  all  made  near  the 
meridian,  the  range  of  the  temperature  was  small,  and  the 
conditions  generally  were  as  good  as  are  likely  to  occur. 
Although  the  observations  are  not  numerous,  I  think  my  re- 
sult would  not  be  essentially  changed  by  continuing  them. 

I  am  indebted  to  Lieut.  W.  H.  Allen,  U.S.N.,  for  assist- 
ance in  the  reductions. 


THE   GEEAT  SOUTHEEX  COMET,  (1887 cl) 

By  JOHN    M.   THOME. 


As  I  advised  by  telegram,  dated  Cordoba,  January  21, 
this  comet  had  already  been  detected  upon  the  evening  of  the 
18th,  but  it  was  then  so  faint  and  illusory  in  the  twilight  and 
denser  atmosphere  near  the  horizon,  that  I  only  suspected 
its  nature.  The  following  night  was  cloudy,  but  upon  the 
20th  it  had  declared  itself ;  eluding,  however,  satisfactory 
observation  in  the  long  twilight,  and  clouds  which  formed  in 
that  part  of  the  sky  soon  shut  it  out  altogether. 

Upon  the  21st  it  at  once  became  evident  that  I  had  to  deal 
with  a  comet  which  was,  in  effect,  all  tail ;  the  head  being 
much  the  fainter  part  of  the  object,  and  its  place  occupied 
apparently  by  a  chaos  of  volatilization  whose  dimensions  I 
could  not  determine,  but  which  was  at  least  twice  the  di- 
ameter of  the  field  of  view  (15')  of  our  equatorial,  and  very 
thin  and  without  nucleus  or  condensation  of  any  kind.  After 
various  attempts  at  determining  its  coordinates,  I  adopted 
the  plan  of  moving  the  telescope  along  the  axis  of  the  tail, 
until  reaching  a  point  beyond  which  nothing  of  a  nebulous 
character  could  be  distinguished,  and  determining  its  po- 
sition. These  points  were,  approximately,  half  a  degree  in 
advance  of  the  true  center  of  the  nebulosity  and  nearly  in  its 
axis.  In  every  case  I  found  a  star  in  this  place,  and  was 
able  to  identify  it  in  our  catalogues  ;  and  the  accompanying 
positions  are  the  reduced  places  of  those  stars. 

The  tail  steadily  grew  in  apparent  brightness  and  length, 
as  the  comet  increased  its  distance  from  the  horizon,  until 
January  25th,  when  it  became  evident  that  it  had  been  fad- 
ing from  the  first,  and  the  head  had  now  become  almost  in- 
visible in  the  telescope.  By  the  27th,  with  the  added  moon- 
light, it  had  diminished  to  such  a  degree  that  only  the  crudest 


approximations  to  its  position  could  be  obtained  ;  and  after 
the  moon  had  passed  the  full,  not  a  trace  could  anywhere  be 
found. 

From  the  22d  to  the  25th  the  comet  was  a  beautiful  sight 
to  the  naked  eye  —  a  narrow,  straight,  sharply  defined,  grace- 
ful tail,  over  40°  long,  shining  with  a  soft,  starry  light  against 
the  dark  sky  ;  beginning,  apparently,  without  a  head,  and 
gradually  widening  and  fading  as  it  extended  upwards.  A 
baud  of  its  dimensions,  cut  from  the  heart  of  the  milky  way 
in  the  neighborhood  of  />  Puppis  and  transferred  to  its  quarter 
of  the  sky,  would  very  nearly  represent  its  brightness,  except 
in  the  anterior  part  — the  apparent  beginning  —  where  it  was 
brighter. 

The  determinations  of  its  position,  and  my  notes  made  at 
the  time  of  observation,  are  as  follows  : 

For  the  Tail.     (Taken  from  map  No.  14  of  U.A.) 
Jan.  20  It  closely  follows  6  Indi.  extending  from 

the   horizon,  and  visible    at   intervals 
through  twilight  and  haze  for  about  20° 
in  length.     Soon  clouded  over. 
Jau.  21     8h  50m.     Extends   on  s.pr.  side  from  G.C.  29273 
to  2d  beyond  <5  Tucanae.     Extends  on 
n.foll.  side  from  G.C.  29273  to  inter- 
section of  22"  at  60°. 
Jau.  22     8h  50m.     On  s.  pr.  a  straight  line  from  comparison 
star    to    I  Tucanae.       On   n.foll.,  a 
straight  line  from  comparison  star  to 
/.  Tucanae. 
Limit:  the  nubecula  minor. 
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Jan.  24  8h  50m.  On  s.pr.,  a  straight  line  to  8  Hydri.  On 
n.  foil.,  a  straight  line  toU.A.  46  Hydri. 
Limit:  about  2°  beyond. 

Jan.  25  8h  50m.  On  s.pr.  side,  a  straight  line  from  begin- 
ning to  (3  Reticuli.  On  u.t'oll.  side, 
a  straight  line  from  beginning  to 
a  Reticuli. 

For  the  Extreme  Anterior  Point  of  the  Cometary  Axis. 


Jau.  21  8  13 

22  8  48 

24  8  If, 

25  8  33 
2  7  9  38 


21  11  26 

21  32  16 

22  8  18 

22  35  21 

23  28  38 


43 

53 

G.C. 

29273 

45 

5 

G.C. 

29623 

47 

20 

Z.C. 

231 

48 

46 

G.C. 

30901 

48 

11 

G.C. 

3181)5* 

•Very  doubtful. 

NOTES. 

January  21.  The  appearance  of  the  comet,  in  brilliancy  and  its 
general  characteristics,  is  precisely  the  same  as  the  one  observed 
here  in  1880.  It  has  a  long,  straight,  narrow  tail,  inclined  to  the 
vertical  at  about  15°.  Searched  carefully  for  a  nucleus  of  some 
kind,  but  could  tincl  nothing  resembling  oue,  the  comet  seeming  to 
end  indefinitely  —  lose  itself.  Turned  the  telescope  upon  the  bright- 
est part  of  the  tail,  and  moved  it  forward  to  the  last  visible  extremity. 
The  star  Gen.  Catal.  20273  occupied  this  position  at  8'1  43"'.  Tail 
ends  just  beyond  c.  Tiirnvm'.     Comet  about  .",    above  the  horizon. 

January  22.  Same  general  appearance  as  last  night,  but  brighter. 
No  nucleus  or  condensation  of  any  kind  found  after  protracted 
search.     Begins   with  the  star  Gen.  fatal.  29623  and  extends  in  a 


Cordoba.  1887  March  L5. 


From  the  observations  of  January  21.  22.  and  au  interpo- 
lated position  for  January  2.'!,  1  computed  the  following  para- 
bolic elements,  referred  to  Greenwich  mean  time,  apparent 
equinox,  and  uncorrected  for  aberration  and  parallax  : 


Greenw.  M.T. 

a 

21 '  u'W 

21    32     0 

21   50     9 

m.  8.825  Gr 

8 

Jan.  21.5396 
22.5436 
23.5429 

T=  1**7 

J 

.  M 

—43  53 

45  5 

46  13 
T. 

-  =18ii°  54'") 
&  =  315    36   f-App.  Eq. 
i  =    65    25  J 
log  <j  =9. 2H360 

Retrograde. 


straight  line  to  the  smaller  cloud.  The  densest  part  of  the  tail 
seemed  to  be  about  40s  following  the  star  G.C.  29663,  where  it  was, 
approximately,  20'  wide.  No  distinctive  point  could  be  found  be- 
tween these  limits.  Tail  narrow  and  clearly  defined,  could  be  traced 
over  40°. 

January  2-t.  Again  no  distinctive  point  to  be  fouud.  Observing 
as  before,  found  the  star  Z.C.  XXII.  231  at  the  beginning,  aud  fixed 
the  densest  part  of  the  tail  at  22*  9"1  8%  —48-  55'.     Tail  41    long. 

January  25.  Comet  fading  rapidly;  very  difficult  to  fix  upon  the 
beginning,  which  is  put  at  G.C.  30901. 

January  27.  Comet  much  fainter,  but  still  easily  visible  to  the 
naked  eye.  Almost  impossible  to  distinguish  between  nebulou.- 
matter  and  haze  in  field  of  telescope.  Begins  with  Gen.  Catal. 
31895. 


OX    THE   OKBIT   OF   THE    GREAT   SOUTHERN    COMET.    1887a.. 

By  S.  C.  CHANDLER,  Jr. 


The  communication  of  the  observations  of  Dr.  Thome 
makes  possible,  for  the  first  time,  some  calculations  upon  the 
orbit  of  this  most  remarkable  comet,  aud  I  have  therefore 
attempted  to  collect  and  discuss  all  the  material  available. 
The  results  of  the  computation  are  indeterminate  and  unsat- 
isfactory to  the  last  degree.  Nevertheless,  since  it  is  likely 
that  the  information  we  now  possess  may  receive  no  substan- 
tial additions,  these  results  are  here  submitted,  although  I 
have  little  confidence  that  they  represent  the  real  orbit. 

The  difficulty  in  dealing  with  this  case  arises  from  a  pe- 
culiarity for  which  there  is  no  precedent  in  astronomical  his- 
tory, at  least  among  the  larger  and  brighter  comets.  The 
center  of  gravity  of  a  comet's  mass,  whose  motion  accord- 
ing to  the  law  of  gravitation  it  is  sought  to  define  by  calcu- 
lation, is  ordinarily  assumed  to  be  represented  by  the  visible 
nucleus,  or  by  the  most  condensed  portion  of  the  head.  In 
rare  instances,  where  disintegration  of  the  nucleus  takes 
place  during  the  comet's  apparition,  as  in  the  Great  Comet 
of  1882.  doubt  will  arise  as  to  the  true  position  of  the  cen- 
ter of  gravity,  sufficient  to  render  futile  any  nice  calculation 
of  the  eccentricity,  but  still  not  enough  to  prevent  a  very 
precise  determinate f  the  plane,  and  of  the  general  form 


of  the  orbit,  near  the  sun.  Hut  there  is  no  criterion  by 
which  to  define  the  center  of  gravity  of  an  acephalous  ob- 
ject like  the  present  one.  which  is  described  as  a  ray  or 
band  about  40°  long,  as  pale  as  the  brighter  parts  of  the 
Milky  Way.  narrower  and  somewhat  brighter  towards  the 
end  where  the  head  ought  to  lie  :  but.  according  to  the  con- 
current testimony  of  all  the  observers,  without  condensa- 
tion of  any  kind.  From  what  can  be  gathered  in  the  various 
accounts,  the  brightest  portion  id'  the  tail  was  not  at  its 
anterior  and  narrowest  point,  where  the  coma  would  naturally 
be  looked  tor.  In  the  observation  of  such  an  object  the  or- 
dinary methods  of  position-measurement  fail,  telescope  and 
micrometer  being  alike  useless. 

In  the  first  table  following.  I  have  collected  all  the  data 
from  which  au  idea  of  the  path  traversed  by  the  comet  can 
In-  formed.  Even  with  the  most  careful  reading  of  the  pub- 
lished descriptions,  the  construction  to  be  placed  on  them 
and  the  coordinates  chosen  for  calculation  will  depend  largely 
upon  the  judgement  .of  the  computer.  In  the  conduct  of 
this  investigation  I  have  had  the  advantage  of  consultation 
and  discussion  with  Dr.  Govi.d,  of  the  various  points  in- 
volved, and  have  relied  largely  upon  his  advice. 
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Greenwich  M.T. 

Observed 

Position. 

Assumed 

Position. 

Place  of 

1887 

a 

3 

/' 

7a 

J8 

a 

s 

Observation. 

d 

h         in        - 

o        r 

O 

s 

h         m        s 

O           f 

Jan.   20.705 

2 1     5     0 

—  42  34 

21     5     (i 

—42  34 

Melbourne. 

21.538 

21    11   26 

43  53 

157 

+  66 

—28 

21   15  32 

44   21 

( lordoba. 

21.705 

21   20  28 

44   17 

21    20  28 

41    17 

Melbourne. 

22.317 

21   30     4 

4.".   4.s 

21  30     4 

45  48 

Cape  of  G   11. 

2  2.  .".4  2 

21   32   16 

1.-,     ;, 

155 

+  72 

—  27 

21   33  28 

4."i  32 

( lordoba. 

24..")  ID 

22     8   18 

17  20 

1  in 

+  114 

—23 

22   10   12 

47  43 

t . 

2."). .331 

22  35  21 

48  46 

135 

+128 

—21 

22  37  29 

49      7 

.. 

27.576 

23   2*   3s 

is  41 

117 

+162 

—13 

23  31   20 

48  .VI 

l( 

27.913 

23  41    16 

50  51 

23  41    16 

.",ii  51 

Windsor,  N.S.W. 

29.913 

0  26     8 

49  26 

0  2(1     8 

19  26 

C( 

The  Greenwich  mean  times  were  estimated,  for  all  except 

the  Cordoba  observations.  The  date  of  the  second  Mel- 
bourne positiou  is  assumed  to  have  been  a  day  earlier  than 
that  assigned  in  the  cable  dispatch,  which  is  incompatible 
with  the  other  facts.  The  positions  for  Melbourne  and  the 
Cape  arc  those  assigned  in  the  dispatches.  For  the  Wind- 
sor observations,  I  have  assumed  the  place  of  the  comet  to 
be  coincident  with  the  stars  -and  /  Phoenicia.  For  Cordoba, 
the  column  "Observed  Position"  contains  the  coordinates 
of  the  extreme  anterior  point  of  the  cometary  "axis,  deter- 
mined as  described  by  Thome.  He  has  used  these  places 
in  his  computation  of  the  orbit.  He  remarks,  however, 
that  they  were  about  half  a  degree  in  advance  of  the  true 
center  of  the  nebulosity,  and  nearly  in  its  axis.  It  would 
seem,  therefore,  that  they  might  be  modified  with  advantage 
by  an  appropriate  correction.  Accordingly,  from  the  de- 
scriptions of  the  position  of  the  tail,  I  have  computed  or 
measured  the  approximate  position-angle,  p,  of  its  axis. 
Then,  calling  a  the  apparent  angular  distance  of  the  comet's 
center  of  gravity  from  the  extremity  of  the  axis,  the  coordi- 
nates of  the  former  point  will  be  found  by  adding 
da  =  T'5  a  sin  p  sec  ft  :  Jfi=  a  cos  p. 
Assuming  a  =  30',  we  have  the  corrections  given  in  the 
table,  from  which  results  the  column  headed  •■Assumed  Po- 
sition." 

At  first  view  Tebbitt's  position  of  the  27th  (Greenwich 
date)  might  be  thought  to  require  a  similar  modification. 
He  says  that,  although  the  star  a  Phoenicis  was  not  appar- 
ently surrounded  by  nebulosity,  he  took  it  at  first  to  be  the 
nucleus:  hut  that,  although  the  lower  extremity  of  the  com- 
etary ray  or  beam  was  certainly  in  the  immediate  neighbor- 
hood of  trie  star,  he  could  not.  after  a  most  careful  search. 
find  the  slightest  condensation  for  observation.  On  mature 
reflection,  however,  I  concluded  to  leave  the  position  as  it 
stands  in  the  table.  If  we  apply  the  amount  of  the  comet's 
motion,  according  to  either  orbit  hereafter  given,  in  the 
elapsed  interval  between  Thome's  and  Tebbitt's  observa- 
tions on  this  evening,  to  the  positiou  given  by  the  former  as 
the  extreme  end  of  the  axis,  it  will  lie  about  two  degrees 
north  and  half  a  degree  preceding  a  Phoenicis,  and  the  tail 
will  lie  so  that  this  star  clears  its  south  preceding  edge. 
This  is  entirely  consistent  with  Tebbitt's  description. 


From  the  above  data  two  distinct  calculations  of  the  orbit 
have  been  made.  The  first,  from  the  "observed  positions." 
is  marked  I.  ;  the  second,  from  the  ••assumed  positions."  is 
marked  II.  To  the  Melbourne  and  Cape  observations  was 
assigned  the  weight  one,  to  those  at  Windsor  one-half,  and 
to  those  at  Cordoba  two.  in  the  first  calculation.  In  the 
second  calculation  the  Cordoba  weights  were  increased  by 
unity. 

I.  II. 

F(Greenw.)    1887  Jan.  9.080  Jan.  8.730 

to  173°  36'.2  174°  48'.6 


i 
log  '/ 


j/-  cos  ; 


13(i    46.2 
61     48.9 

8.30  1.S4 

+    I'.l 

—  1H.7 


132    48.6 

57    52.1 

8.  36280 

— 1'.2 

+2.3 


These  two  sets  of  elements  —  the  second  of  which  I  think 
should  have  the  preference  —  do  not  materially  differ,  con- 
sidering the  extreme  uncertainty  of  the  observations.  How 
great  this  uncertainty  is,  can  best  he  appreciated  by  the  fol- 
lowing residuals.  (O  —  C)  : 


Obs'd    Position 

Assumed   Posit. 

Place. 

Date 

Orbit  1. 

Orbit  II. 

da 

Jo' 

J  a 

Jo" 

Melbourne 

•i 
-Ian.  20.705 

+  68" 

+23 

+   oS 

+28 

Cordoba 

21.538 

—  101 

+  14 

—  39 

—    !S 

Melbourne 

21.705 

+  1111 

+  5 

+  99 

+10 

Cape  G.H. 

22.317 

+  67 

—42 

+  68 

—36 

Cordoba 

22.542 

—  36 

+25 

+  38 

+   » 

( lordoba 

24.540 

—250 

+26 

—136 

+  12 

Cordoba 

25.531 

+      7 

—  11 

+  126 

22 

Cordoba 

27.576 

+  57 

+37 

+  110 

+36 

Windsor 

27.913 

+263 

+  192 

—83 

Windsor 

29.913 

—312      —84 

—464 

—74 

These  elements  arc  very  unlike  those  of  1880  I.  with 
which  this  comet  was  associated  in  the  early  dispatches  from 
the  Cape.  In  what  manner  this  association  arose  does  not 
vet  clearly  appear.  It  is  hardly  probable  that  it  was  an  in- 
ference from  direct  calculation  ;  but  rather  that  it  was  a  mere 
surmise,  founded  on   the  general  similarity  of    the  circum- 
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stanees  of  the  apparition,  and  on  the  fact  that  the  line  of 
sight  nearlv  intersected  the  orbit  of  1880  1.  In  the  Science 
Observer,  Special  Circular  No.  74.  published  January  31,  I 
gave  a  hypothetical  epherueris,  using  Meter's  elements  of 

that  comet, 

w  =    77°  53'.9 

Q  =356     16.7 

(■  =  143  7  .8 
log  q  =7.7714 
and  assuming  for  the  perihelion-passage  1887  Jan.  11.0, 
Gr.  M.T.  If  we  compare  the  "observed  positions"  of  the 
comet  with  this  ephemeris,  computing  the  necessary  addi- 
tional places,  it  will  be  found  that  the  actual  and  hypotheti- 
cal paths  coincided  within  about  a  degree  and  a  half  during 
the  entire  apparition,  over  a  geocentric  arc  of  three  and  a 
half  hours  of  right-ascension.     Thus  we  have  : 

sition.  Hypotli.  Ephemeris. 

8  a  S 

-42D34'  20h  58™. 9  —43°  31' 

43  53  21    13  .1  44  57 

44  20  21   16  .1  45   14 

45  48  21   27   .4  46   12 
45     5  21  31    .6  43  33 

47  20  22   12  .9         49     3 

48  46  22  35  .0         49   54 

48  41  23  22  .2         50  42 
50  51  23  30  .0         50  43 

49  26  0   15  .0         50     6 
This  agreement  naturally  suggests  the  question  whether 

the  observations  may  not  be  reconciled  with  an  orbit  similar 
to  those  of  the  great  comets  of  1843,  1880,  and  1882,  by 
plausible  assumptions  as  to  the  center  of  gravity  of  the 
comet's  mass.  It  is  not  at  all  certain  that  the  observers 
may  not  have  been  deceived  as  to  the  non-existence  of  a 
nucleus.  It  will  be  recollected  that  the  comet  of  1882,  be- 
longing to  this  group,  appeared,  two  or  three  weeks  after 
perihelion,  to  be  surrounded  by  an  outer  envelope,  the 
lines  of  which,  begiuuing  many  degrees  back  of  the  nucleus, 
and  gradually  converging,  extended  forward  several  degrees 
beyond  the  coma.  It  there  terminated  iu  an  ill-defined  man- 
ner, forming  an  exterior  false  comet,  as  it  were,  with  its 
head  much  in  advance  of  the  real  one.  If  the  diagrams 
published  by  Habtwig,  Schmidt,  Saivvek.  S<  iiwah.  Bar- 
nard, and  others,  be  collated  with  the  accounts  of  the  pres- 
ent comet,  it  does  not  seem  a  very  violent  supposition  that  a 
similar  double  envelope  may  have  existed  in  this  case, 
though  of  such  slightly  different  density  that  the  observers 
overlooked  the  nucleus  by  groping  for  it  near  the  origin  of 


Gr.  M.T. 

Obsen 

ed 

1887 

a 

Jan.  20.7U.-, 

21h  5™ 

.0 

21.538 

21  14 

.4 

21.705 

21  20 

.5 

22.317 

21  30 

.1 

22.542 

21  32 

.o 

24.540 

22  8 

.3 

25.531 

22  35 

.3 

•.'7.536 

23  28 

.6 

27.913 

23  41 

.3 

29.913 

0  26 

.2 

the  outer  envelope,  instead  of  far  back  in  the  axis,  near  that 
of  the  inner  one. 

From  such  superficial  examination  as  I  have  been  able  to 
give,  it  is  strongly  doubted  whether  any  such  reconciliation 
as  that  suggested  in  the  preceding  paragraph  can  be  effected. 
This  examination  was  made  in  the  following  way.  First, 
coordinates  were  computed  from  the  orbit  of  1880 1,  for  three 
normal  dates,  under  the  form 

Jan.  21.5       21"  12"'. 4    —  10'M  x       — 44°  53'    +132'  a,-") 
24.5       22    12   .0    —13  .7  x  49      1      +110  x     A 

28.0       23    32   .1    —15  .1  x  50   43     +  59  x) 

Where  x  =  T — Jan.  11.0,  T  being  the  unknown  time  of 
perihelion  passage  of  the  comet's  center  of  gravity.  Next 
were  found  the  following  equations,  of  which  the  first  term 
is  the  observed  place  for  these  dates,  and  the  term  in  >/  is 
the  correction  to  be  applied  to  give  the  geocentric  coordi- 
nates of  the  comet's  center  of  gravity,  assumed  to  lie  in  the 
axis  of  the  tail  at  an  unknown  distance,  s  (expressed  in 
parts  of  the  radius  of  the  earth's  orbit),  from  the  point  act- 
ually taken  for  observation.  The  corresponding  apparent 
angular  distance  will  manifestly  be,  if  the  tail  be  assumed  to 
lie  in  the  prolongation  of  the  radius  vector, 

R    sin  x 

a  =  s  

r        J 


sin  1' 


The  coefficients  of  y  have  been  computed  from  this  and  the 
equations  in  the  first  part  of  this  article,  for  s  =  0.00001. 
Consequently  y  is  the  value  of  s  iu  units  of  the  fifth  decimal 
place.     Thus  we  have 

Jan.  21.5         21h  15™. 9    +lm.5  y         —44°  14'     —  34' y) 
24.5         22    11   .8    +2  .8  y         —47    53      —24  y  -B 
28.0         23    42  .0    +4  .by         — 49    28      —12  y) 

Now,  it  will  be  found  that  no  values  of  x  and  y  can  be  as- 
sumed, by  which  all  the  six  coordinates  in  A  can  be  equated 
with  the  corresponding  ones  in  B.  without  discordances  which 
are  entirely  inadmissible.  The  presumption  is  therefore 
against  the  similarity  of  the  orbit  of  this  comet  with  that  of 
1880  I.  But  this  conclusion  is  not  by  any  means  certain,  as 
it  involves  assumptions  as  to  the  position  of  the  tail,  and  the 
constancy  of  s,  which  are  very  problematical. 

The  orbit  above  found  resembles  more  those  assigned  to 
the  comets  of  1680  and  1689.  than  that  of  the  group  1843- 
80-82.  This  will  more  distinctly  appear  if.  instead  of  com- 
paring the  values  of  <«  and  Q,.  we  compute  the  position  of 
the  axes  of  the  parabolas,  as  indicated  by  the  heliocentric 
longitude  and  latitude  of  the  point  of  perihelion,  called  /  and 
b  in  the  following  table. 


Comet 

W 

S 

i 

log? 

I 

b 

1843 

O     f 

82  35 

o   | 

361  15 

o    1 

144  19 

7.743 

280  22 

+35  20 

ISM, 

77  54 

356  17 

143  7 

7.772 

281  17 

+35  55 

1882 

69  36 

346  1 

142  0 

7.885 

281  16 

+35  15 

,-onf  Peirce 

55  20 

344  18 

149  45 

8.013 

292  59 

+24  29 

1689  <  ,r   , 
{  Vogel 

180  44 

90  25 

120  55 

8.277 

270  2 

—  0  38 

1680 

350  40 

272  10 

60  40 

7.794 

2  (',7  34 

—  8  9 

1887 

174  49 

132  49 

57  52 

8.363 

310  2 

+  4  25 
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Another  interesting  question  which  I  have  also  thought  it 
worth  while  to  investigate,  is  whether  the  observations  of  the 
comet  of  1668,  the  character  of  whose  orbit  is  yet  an  un- 
settled problem,  will  not  conform  more  readily  to  an  orbit 
like  the  present  one,  than  to  that  of  1843.  It  is  simply 
necessary  to  say  that  computation  gives  a  decided  negative 
answer  to  this  question. 

Cambridge,  1887  May  6. 


As  remarked  in  the  beginning,  I  feel  very  little  confidence 
that  the  above  orbit  represents  the  actual  one.  The  prob- 
lem is  exceedingly  indeterminate.  Moderate  and  entirely 
warrantable  changes  in  the  interpretation  of  the  observations 
will  materially  alter  the  plane  and  direction  of  the  axis  of 
the  parabola. 


NEW  DOUBLE   STAES   DISCOVERED   AT   THE   LEANDER  McCORMICK 

OBSERVATORY. 


Name 

a  1S90 

6  1890 

P.  A. 

A 

Mag. 

Mag. 

Disc. 

Oe.  Are.  397 

.  h         m        s 

0  40  12 

o        II 

—17     2 

1!  i -J..", 

ii 

2.17 

7 

10 

M 

DM.  -4-0°  226 

1    17   17 

+  1    10 

172.2 

0.79 

9 

9 

L 

*6.5  p.  20s 

Oe.  Arg.  1817 

2  42  35 

—  IS   4  7 

25.2 

2.92 

8.7 

11 

L 

1st  of  3  9M  st 

Schj.  1136 

3  :;:>    o 

—  13   45 

0.6 

1.11 

8.5 

10 

L 

Anon. 

3  47 

—  1.",     ID 

276.± 

2.9± 

9 

10 

L 

SDM.  —  r  1027 

4  51   23 

—  9  31 

5.=b 

3.± 

9.5 

10.5 

M 

*8  f.  60%  s  4' 

Anon. 

6  49  25 

—23     4 

90.-b 

1.5± 

9 

10 

L 

SDM.— 17°  3651 

12  28  24 

—17  35 

34.0 

1.47 

7 

10 

L 

(-■id.  /..  286-1 

13  47  33 

—29  44 

220.± 

3.5± 

8 

10 

M 

Lam.  3427 

20    18     4 

—11  20 

298.4 

1.28 

8 

10 

L 

Lam.  3735 

21  :;:  39 

—11  38 

270.3 

l.Ki 

8.5 

9.5 

L 

Lam.  3819  ? 

22     5  43 

—  11   34 

165.8 

0.87 

9 

9.5 

L 

1  of  3  st 

SDM.— 12°  6527 

23  31  43 

—12   10 

301.2 

3.15 

9 

10 

M 

90s  f .  p1  81 

L  =  F.  P.  Leavenworth  ;     M  =  Frank  Muller. 


1887  April  16. 


ELEMENTS   OF   COMET   1887  d   (barxard.) 

By  E.  E.  BARNARD. 


From  three  of  my  own  positions,  on  Feb.  16  and  28  and 
March  12.  I  have  computed  the  following  elements  of  the 
comet  discovered  here  on  Feb.  16.  The  positions  have 
been  corrected  for  parallax  and  aberration  by  an  approxi- 
mate orbit. 

Vdnderbilt  University.  Nashville,  Tenn.,  1887  April  28. 


lo: 


Elements. 
T  =  1887  March  28.39633  G.  M.T. 
w  =    36°  28'  50"  ' 
&  =  135°  27'  17"  ^ 
i   =  139°  48'  39" 
;  q  =  0.00295 


A   CONTINUOUS  SPECTRUM  FROM  HYDROGEN. 


By  ORRAT  T.  SHERMAN. 


Hydrogen,  excited  by  electric  currents  of  slight  intensity, 
and  under  pressure  not  exceeding  thirty  millimeters,  pre- 
sents a  continuous  spectrum  upon  which  no  bright  lines  are 
evident. 

Under  the  dispersions  usually  employed  in  astronomical 
work,  it  seems  comparable  to  that  shown  by  the  nebula  in 


Andromeda,  or,  with  less  intense  illumination,  to  that  of  the 
zodiacal  light. 

Changes  in  the  relation  of  the  pressure  and  electrification 
bring  out  bright  lines  upon  the  continuous  background,  and 
at  present  it  would  seem  as  though  the  continuous  spectrum 
depended  upon  the  relation  between  these  two  rather  than 
upon  their  absolute  intensity. 
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NEW    COMET,    1887 e. 


A  comet  was  discovered  by  Barnard,  at  Nashville,  on  the 
evening  of  May  12.  He  reives  its  place  at  the  time  as  58s.9 
preceding    the    star    Gen.  Catal.  20734,  and    11'  53"  north, 


which  corresponds  to 

(ovrllW.    M.T. 

Mav  12      16h  57     22 


a 


15*  10"'  49\2         — 30c  35'  ■">!" 
Motion  slow,  northeastwardly.     Eleventh  magnitude. 


The  following 

later  observation 

s  h 

ave  been  communi< 

ated  : 

Place 

Local  M.T. 

a 

8 

Observer 

( lambridge 

M 

av 

13,    K»  59  59 

15   12   i:i.7'J 

—30     6  32.0 

Chandlei 

Albany 

13,    11    24      7 

15   12   20.42 

—30     G      1.3 

Boss 

Nashville 

13,   10  28  43 

15   12   21.14 

—30     6     G.3 

Barnard 

Nashville 

14,   10  28  57 

1.")   13   17.90 

—29  33  59.1 

Barnard 

Washington 

11.    11    30  44 

15   13  59.34 

—29  33   23.2 

Frisbv 

Albany 

15,   12  12  25 

15   15  3S.41 

—28  59  44.7 

Boss 

TWO   HUNDRED    SIXTY-SIXTH    ASTEROID. 


A  cable  dispatch  from  Dr.  Krdeger  announces  the  dis- 
covery of  a  planet  of  the  twelfth  magnitude  by  Palisa  at 
Vienna. 


Its 

position  was 

- 

Greenw.  M.T. 

a 

May  17..", 

16h  13™ 

12 

8 


ELEMENTS  AND   EPHEMERIS   OF   THE   COMET   1887  e  (Barnard,  May  12) 

By    Prof.    LEWIS   BOSS. 


From  the  discovery-observation  by  Barnard,  May  12,  ob- 
servations by  Chandler,  Barnard  and  myself.  May  14,  and 
an  observation  at  Albany.  May  15,  I  have  computed  the  fol- 
lowing elements  : 


T  =    1887  June  26.682  Greenw 
w   z        27°  42'. G  ) 


M.T. 


Q   =   244     41 .4  y  Apparent  Equinox 

i  =      17       2.4  ) 
log  '/   —   0.1 021 6 

Comparison  with  the  middle  place  gives  (C  —  ()) 

J/,  cos  ,-;  =  —  O'.OG 
Jfj  ——0.24 

Dudley  Observatory,  1887  May  17. 


The  following  ephemeris  is  computed  for  Greenwich  mid- 
night : 


1887 


log  A 


I.isht 


Mav    18.0 

15   20   1G 



27 

17 

9.5904 

i.:: 

22.5 

1.".  28    12 

2  1 

30 

9.5601 

1.6 

26.5 

15  36  52 

21 

13 

9.:>:;21 

1.9 

30.5 

I.".   4G  28 

17 

29 

9.5074 

2.2 

June     :!..") 

15  .">7      1 

13 

21 

9.4869 

2.4 

7.."> 

16     8  32 

8 

:,4 

9.4714 

2.G 

1  1.5 

16  20  48 



4 

17 

9.4618 

2.7 

1.")..") 

1G  33   44 

+ 

0 

21 

9.4586 

2.8 

June  19.5 

16  47     1 

+ 

4 

47 

9.461  1 

2.9 

The  light 

on   Mav  12  is 

t:l 

sen 

as 

the 

unit. 

CO  NT  r.  N  T  s  . 

on-   hie  Parallax  of  a  Tauri,  m    Prof.   A.   Hall. 

The  Great  Southern  Comet  (1887 a),  by  Dr.  John  M.  Thome. 

On  the  Orbit  ok  the  Great  Southern  Comet,  1887  a,  by  Mr.  S.  C.  Chandler,  .0:. 

New  Double  Stars  Discovered  at  the  Leander  McCormick  Observatory,  by  Prof.  Ormond  Stone. 

Elements  of  Comet  1887 d  (Barnard),  by  Prof.  E.  E.  Barnard. 

A  Continuous  Spectrum  from  Hydrogen,  by   Mr.  Orray  T.  Sherman. 

New  Comet,  1887  e. 

Two  Hundred  Sixty-Sixth  Asteroid. 

Elements  and  Ephemeris  of  the  Comet  1887 «    (Barnard,  Mo    12),  m   Prof.  Lewis  r.oss. 
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OBSERVATIONS  OF   COMETS 

MADE    AT    THE    DUDLEY    OBSERVATORY 

By   H.   V.    EGBERT. 


Albany  i 

[.T. 

* 

No. 
Comp. 

#- 
Jo. 

* 

zi8 

&/'s  apparent 
a                              8 

logpA 

for  a            for  6 

COMET 

1886    I.    {Fabry.) 

h      m     a 

Til            S 

i      n 

h         n 

1            S 

o        r        n 

1885  Dec.    2 

8  47  10 

1 

8 

—3  33.07 

+0  38.5 

0  36 

15.96 

4-21     0  24.1 

9.074 

0.520 

2 

8  17  10 

2 

8 

—4   27.24 

+0  12.5 

0  36 

16.15 

21     0  21.8 

9.074 

0.520 

7 

8  47  15 

3 

20 

+1   54. 12 

—3  45.9 

0  24 

41.62 

20  52  29.4 

9.252 

0.535 

12 

8  26  26 

4 

10 

+2  40.69 

—1  42.3 

0  14 

16.95 

20  39  37.9 

9.292 

0.544 

25 

7    8  40 

5 

10 

—1   11.76 

4-2     1.3 

23  52 

41.54 

20  41  30.9 

9.270 

0.540 

COMET   16 

86    II.    (Ba 

rnard.  \ 

1885  Dec.    7 

10  51  25 

6 

20 

4-3  22.65 

—1     9.8 

4  12 

9.60 

4-5     4  39.3 

w8.376 

0.730 

12 

8  58    0 

7 

4 

+2  49.72 

■ — 5  55.2 

3  59 

56.20 

5  34  16.9 

»i9.546 

0.745 

25 

6  22  14 

8 

12 

+1   20.97 

4-3  38.3 

3  27 

20.02 

7  14     9.5 

?i9.464 

0.725 

1886  Jan.  23 

9    9  18 

9 

12 

+7  37. mi 

4-5  30.7 

2  27 

54.52 

12  28  29.2 

9.488  ' 

0.682 

23 

9    9  18 

10 

12 

-j-6   14.48 

4-1  53.3 

2  27 

54.53 

12  28  35.3 

9.488 

0.682 

26 

8    7  50 

11 

12 

—3  22.14 

—0     5.2 

2  23 

41.67 

13     5  23.5 

9.377 

0.659 

Feb.     8 

8  29  39 

12 

6 

4-4  23.19 

+6  16.7 

2     9 

4.49 

15  56  58.5 

9.564 

0.671 

COMET 

1886    V.    (Z 

'roaiks. ) 

1886  Apr.  29 

12  40  21 

13 

6 

—5  23. .V.) 

—0  18.3 

0  39 

3.80 

+61   10  36.0 

?i9.748 

0.866 

29 

13    4  25 

14 

10 

4-1   11.60 

—1     1.3 

0  39 

11.46 

61   10     5.1 

n9.800 

0.842 

29 

13    4  25 

15 

10 

—0  52.92 

—1  41.0 

0  39 

11.64 

61   10     5.1 

»i9.800 

0.842 

29 

15  43  28 

15 

8 

—0     2.58 

—4  31.6 

0  40 

1.98 

61     7  14.5 

H9.952 

0.540 

30 

in  16  52 

16 

10 

—0     6.70 

+4  27.3 

0  46 

2.87 

60  43  38.3 

«8.416 

0.934 

30 

10  30    5 

17 

14 

—2   19.88 

4-4  41.8 

0  46 

6.94 

60  43  23.3 

?i8.887 

0.933 

30 

10  30    5 

18 

14 

—3  12.54 

4-5  22.5 

0  46 

7.21 

60  43  22.1 

kS.,s,s7 

0.933 

Mav     1 

11  59    3 

19 

20 

4-0  39.44 

—1   13.7 

0  54 

9.74 

60  10     3.8 

n9.587 

0.905 

1 

11  59    3 

20 

20 

—0   13.74 

—0  25.0 

0  54 

9.77 

60  10     3.9 

?i9.587 

0.905 

2 

12  38    3 

21 

8 

—3  46.23 

—6  19.6 

1     1 

42.53 

59  35  55.1 

«9.694 

0.882 

2 

12  57  25 

22 

8 

4-0  36.89 

4-3  55.6 

1     1 

49.86 

59  35  22.4 

?i9.714 

0.865 

5 

11  53  30 

23 

10 

+  1  49.40 

4-0  27.1 

1  22 

28.78 

57  46     8.4 

)i9.479 

0.919 

5 

11  53  30 

24 

10 

+  1      1.76 

4-1     8.2 

1  22 

28.27 

57  46  10.1 

?i9.479 

0.919 

5 

12    9  35 

25 

6 

+0  35.62 

4-5  53.7 

1   22 

33.50 

57  45  34.9 

7*9.549 

0.911 

9 

14  20  36 

26 

12 

+0  15.56 

—6     9.3 

1  48 

29.84 

54  49     2.9 

?i9.796 

0.807 

9 

14  32  56 

27 

4 

-1  44.31 

4-0     8.0 

1  48 

33.93 

54  48  43.2 

w9.811 

0.789 

COMET  1 

886   III.    (1 

irooks.) 

1886  Mav    1 

15  38  33 

28 

8 

—4  33.11 

+3  23.5 

23     8 

35.42 

-24  38  40.5 

»9.658 

0.661 

1 

15  38  33 

29 

8 

—7  38.29 

4-2  55.5 

23     8 

35.32 

-24  38  45.2 

?i9.658 

0.661  ) 

us 
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Albany 

M.T. 

* 

No. 

#— * 

&S's  apparent 

logpA 

Comp. 

Ja                   J8 

a 

8 

for  a 

ford 

COMET  1886   IV.    (I 

'rooks. ) 

h        m      a 

m        b 

i      » 

h       m       s 

o      f       rr 

1886  May  25 

12  12  58 

30 

16 

—0  52.74 

4-5     3.9 

11   54  20.20 

4-  7  39   14.2 

9.610 

0.748 

28 

10  14  54 

31 

22 

—2     6.67 

—6  13.2 

11  58  50.06 

5  49  40.5 

9.453 

0.735 

29 

9  59  57 

32 

20 

—1    17.20 

4-3     4.2 

12     0  27.26 

5  11  52.4 

9.423 

0.738 

31 

10    5  29 

33 

20 

—2  52.14 

— 5  55.6 

12     3  49.80 

3  56  12.8 

9.446 

0.749 

June     3 

9  ."'7  55 

34 

12 

—0  26.35 

—5  53.8 

12     9     8.24 

2     1  30.4 

9.443 

0.762 

4 

9  35  56 

35 

10 

+1     2.74 

-5  42.0 

12   10  56.61 

1   23  10.7 

9.393 

0.766 

COMET  1886   IX.    (Barnard.) 

1886  Oct.     6 

17  12  35 

36 

4 

+0  40.42 

4-6   10.0 

10  40     6.80 

4-  1   13  37.1 

n9.598 

0.772 

7 

17    16  9 

37 

2 

—3     8.44 

—1     5.0 

10  42   10.42 

1   22  14.4 

«9.594 

0.771 

8 

16  33  36 

38 

10 

+0   18.79 

—1  45.6 

10  44   12.83 

1   31     0.8 

«9.662 

0.772 

8 

17    5  54 

39 

4 

+2  33.36 

4-2   22.5 

10  44  16.32 

1   31     8.5 

n9.601 

0.771 

9 

1648    7 

40 

10 

4-0  26.79 

—  1   42.0 

10  46  22.2'.' 

1   39  43.1 

?i9.613 

0.771 

10 

17    4  18 

40 

4 

4-2  39.15 

4-7  49.0 

10  48  34.65 

1   49  14.1 

n9.599 

0.769 

Nov.     1 

16  42  43 

41 

6 

—2  27.99 

4-7  11.0 

11   50  49.37 

6  45  50.2 

»i9.600 

0.748 

Mean   Places  for   1885.0  of   Comparison-Stars. 


* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

1 

h 

0 

1 

39 

11            G 

45  43 

4-3*.  60 

4-20° 

59' 

21.5 

n 
+24.1 

Albany  Mcrid.  Obs. 

2 

0 

40 

39.79 

4-3.60 

4-20 

59 

45.3 

4-24.0 

Albany  Merid.  Obs. 

3 

0 

22 

44.08 

4-3.12 

+20 

55 

49.9 

-j-25.4 

Bonn  VI.  20°,  47 

4 

0 

11 

32.99 

+3.27 

+20 

40 

54.7 

4-25.5 

Bonn  VI.  20°.  10 

5 

23 

53 

50.34 

4-2.96 

4-20 

39 

2.9 

4-26.7 

Weisse's  Bessel  1096 

6 

4 

8 

42.84 

4-4.11 

+  5 

5 

47.2 

4-  1.9 

Albany,  A.G.  Zones 

7 

3 

57 

2.35 

4-4.13 

4-  5 

40 

9.3 

4-  2.8 

v  Tauri.  Jahrbuch 

8 

3 

25 

55.00 

4-4.05 

+  7 

10 

26.0 

4-  5.2 

Grant  819 

Mean  Places  for  1 

886.0. 

9 

2 

20 

16.46 

4-0.26 

4-12 

23 

3.6 

—  5.1 

Grant  543 

10 

2 

21 

39  78 

4-H.27 

+  12 

26 

47.2 

—  5.2 

Bonn  VI.  12".  335 

11 

2 

27 

3.56 

+0.25 

4-13 

5 

34.1 

—  5.4 

Weisse's  Bessel  410 

12 

2 

4 

41.35 

—0.U5 

4-15 

50 

46.4 

—  4.6 

Weisse's  Bessel  36 

13 

0 

44 

27.93 

—  0.54 

4-61 

11 

3.7 

—  9.4 

Krueger,  Zones  537 

14 

0 

38 

0.38 

—0.52 

4-61 

11 

15.9 

—  9.5 

Krueger,  Zones  401,522 

15 

0 

40 

5.07 

—0.51 

+61 

11 

55.7 

—  9.6 

Krueger.  Zones  401.542 

16 

0 

46 

111. IIS 

—0.51 

4-60 

39 

20.6 

—  9.6 

Krueger,  Zones  515,541 

17 

0 

48 

27.34 

—0.52 

4-60 

:l,s 

51.1 

—  9.6 

Krueger.  Zones  530,543 

18 

0 

49 

20.28 

—0.53 

4-60 

38 

9.2 

—  9.6 

Krueger,  Zones  537.544 

19 

0 

53 

30.81 

—0.51 

4-60 

11 

27.2 

—  9.7 

Krueger,  Zones  395,537 

20 

0 

54 

24.02 

—0.51 

4-60 

10 

38.6 

—  9.7 

Krueger.  Zones  530.537 

21 

1 

5 

29.28 

—0.52 

4-59 

42 

24.3 

—  9.6 

Krueger,  Zones  130,131 

22 

1 

1 

13.47 

—0.50 

-j-59 

31 

36.5 

—  9.7 

Krueger.  Zoiie>  359,398 

23 

1 

20 

39.83 

—0.45 

4-57 

45 

51.1 

—  9.8 

Krueger.  Zones  325,331 

24 

1 

21 

26.97 

—0.46 

+57 

45 

11.7 

—  9.8 

Krueger.  Zones  820,331 

25 

1 

21 

58.34 

—0.46 

+57 

39 

51.0 

—  9.8 

Krueger.  Zones  270,325 

26 

1 

48 

14.68 

—0.40 

+54 

55 

22.0 

—  9.8 

Lalande  3454 

27 

1 

50 

18.64 

—0.40 

+54 

48 

44.9 

—  9.7 

Oe.  Argel  2171. 

28 

23 

13 

8.46 

4-0.07 

+24 

35 

23.4 

—  6.4 

Weisse's  Bessel.  233—4 

29 

23 

16 

13.55 

+0.06 

+24 

35 

56.1 

—  6.4 

Weisse's  Bessel,  302 

30 

11 

55 

11.66 

4-1.28 

4-  7 

34 

17.0 

—  6.7 

Grant  3079 

31 

12 

0 

55.46 

+  1.27 

4-  5 

56 

0.4 

—  6.7 

Weisse's  Bessel.  1007 

32 

12 

1 

43.14 

4-1.32 

4-  5 

8 

55.0 

—  6.8 

Bonn  VI.  5°,  2587 

33 

12 

6 

40.65 

+  1.29 

+  4 

2 

15.2 

—  6.8 

Albany.  A.G.  Zones 
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* 

Red.  to 

8 

Red.  to 

a 

app.  place 

app.  place 

Authority 

34 

h       m        s 

12     9  33.28 

+l'.31 

o           /           II 

+  27  31.4 

—   7.2 

Albany,  A.G.  Zones 

35 

12     9  52.53 

+  1.34 

+  1   29  00.4 

—  7.7 

Albany,  A.G.  Zones 

36 

10  39  25.54 

+0.84 

+  1     7  33.6 

—  6.5 

Albany,  A.G.  Zones 

37 

10  45  18.01 

+0.85 

+  1  23  26.0 

—  0.6 

Albany,  A.G.  Zones 

38 

10  43  53.18 

+0.86 

+  1  32  53.0 

—   6.6 

Albany,  A.G.  Zones 

39 

10  41  42.10 

+0.86 

+  1   28  52.7 

—  6.7 

Albany,  A.G.  Zones 

40 

10  45  54.64 

+0.86 

+  1  41  31.8 

—  6.7 

Albany,  A.G.  Zones 

41 

11   53  16.33 

+1.03 

+  6  38  48.1 

—  8.9 

Grant  3074 

For  star  No.  1,  Ru'mker  (Neue  Folge)  276  giyes 

0h  39m  44».53,         +20"  59'  26". 7  for  1885.0 

Dudley  Observatory,  1887  May  2. 


.Star  No.  2G  is  in  error  in  Baily's  Lalande.  and  the  place  was 
taken  from  Bonn  VII.  The  observations  were  made  with  the  ring- 
micrometer,  except  those  of  Comet  1886  IX.,  after  Oct.  6,  which 
were  made  with  the  tilar-micrometer. 


RING-MICROMETER   OBSERVATIONS   OF   COMET   1887  e  (Barnard,  May  12) 


MADE    AT   THE    VANDERBILT   UNIVERSITY   OBSERVATORY 

By  E.  E.  BARNARD. 


1887       Nashville  M.T. 

* 

No. 
Comp. 

Ja 

-* 

j8 

S^'s  apparent 
a                             8 

d          h         m       9 

May   12     11   10  11 

13  10  28  43 

14  10  28  57 
14     12     2  51 

1 
2 
3 
3 

9 

10 
7 
5 

111          s 

—0  58.96 
+  1    16.18 
+2  58.76 
+3     4.13 

+  11  52.8 
—  2  23.2 
+  10     1.1 
+  11  52.6 

h         m        s 

15  12  21.14 
15  13  58.19 
15  14     3.56 

°      i      n 

—30     6     6  3 
—29  33  59  4 
—29  32     6.9 

Mean  Places  for 

1887.0  of  Comparison-Stars. 

* 

a 

Red.  to 

app.  place 

8 

Red.  to 
app  place 

Authority 

1 
2 
3 

h         m          s 

15   11     4.5 
15   11     2.73 
15  10  57.21 

+2*24 
+2.23 
+2.22 

o        '        " 

—30  48 
,-30     3  41.3 
—29  43  58.6 

n 

—  1.6 

—  1.8 
—1.9 

Equatorial  Pointings 
Yarnall  6275 
Yarnall  6274 

May  12,  Comet  discovered  at  10h  40'".     May  13,  a  faint  tail  preceding,  and  probably  a  faint  nucleus  in  elongated  condensation. 


OBSERVATIONS   OF   THE   COMPANION   OF   SIRIUS 

By  Prof.  A.  HALL. 
(Communicated  by  the  Superintendent  of  the  Naval  Observatory.) 


Date 


1887.190 

1887.226 
1887.264 
1887.270 


Sid. 
Time 

P 

s 

\vt. 

h 

o 

ii 

8.3 

24.0 

6.56 

3 

6.6 

22.9 

6.67 

3 

7.7 

24.6 

6.45 

3 

8.0 

25.2 

6.35 

2 

Notes 


very  faint 
faint 
faint 
faint 


Washington,  1887  April  14. 


MEAN    RESULT. 

1887.238        p  =  24M8         s  =  6".508 


100 


THE     ASTRONOMICAL     JOURNAL, 


N°  157. 


ON  THE  ORBIT  OF  THE  GREAT  SOUTHERN  COMET  1887  a. 


By  S.  C.  CHANDLER,  Jr. 


The  computation  in  the  last  number  of  the  Journal  was 
completed  before  I  had  seen  the  observations  in  the  Monthly 
Notices  for  March.  It  was  manifest,  upon  inspection,  that 
the  latter  were  widely  at  variance  with  the  estimates  of 
position  at  Cordoba  and  Windsor,  which  I  had  employed. 
Thereupon  the  Cape  and  Adelaide  series  were  combined  into 
three  normal  places : 

h        m      ■  o        I 

1887  Jan.  22.125         21   24  51.4         —44  48.6 
25.000         22  23   13.1         —48  22.7 
27.500         23  19  45.6        —49  40.5 
which  gave  the  following  orbit : 

T  1887  Jan.   11.230    (Greenw.) 

m  63°  36'.0  ) 

&  337    42.8  [-True  Eq. 

i  137      0.0) 

log  q  7.73892 

Ephemeris. 
Greenw.  M.T.  a  o 

h  m        8  of 

Jan.  21.0  21  5     4.8  —42  57.0 

22.0  21  22  33.3  44  37.3 

23.0  21  41   31.4  40     7.0 

24.0  22  1  50.0  47  23.2 

25.0  22  23  18.2  48  24.5 

26.0  22  45  34.4  49     6.9 

27.0  23  8  19.2  49  34.8 

28.0  23  31     4.0  49  43.0 

29.0  23  53  26.4  49  34.1 

30.0  0  14  58.8  —49     9.0 

A  comparison  with  the  observations  gives  the  following 
residuals  (O — C)  : 


Greenw.  M.T. 

Ja  cos  8 
i 

J8 

Adelaide 

Jan.  20.987 

+   1 

+23 

Adelaide 

21.966 

—16 

+  17 

Cape 

22.313 

+17 

—41 

Cape 

23.309 

+  3 

0 

Cape 

24.313 

—  2 

+  9 

Cape 

24.317* 

+  8 

—10 

Adelaide 

24.997 

—12 

+  6 

Cape 

25.323 

+  3 

+  1 

Adelaide 

26.015 

+10 

—  7 

Adelaide 

26.997 

+  7 

—  4 

Cape 

27.319 

+  6 

+   1 

Cape 

27.344* 

+  10 

—10 

Cape 

28.346 

—16 

+20 

There  is  here  a  tolerably  satisfactory  alternation  of  sign, 
except  in  the  later  right  ascensions.  But  if  we  compare  this 
orbit  with  the  positions  employed  on  page  93  of  the  Journal, 
we  have  the  following  striking  differences  : 


I. 


II. 


Greenw.  M.T. 

J«  cos  8 

J8 

J«  cos  6* 

J8 

Cordoba 

Jan. 

21.538 

+     2 

—  1 

+  13 

—29 

Cordoba 

22.542 

—     4 

+22 

+     9 

—  4 

Cordoba 

24.540 

—  50 

+39 

—  31 

+16 

Cordoba 

25.531 

+     3 

+  3 

+  24 

—18 

Cordoba 

27.576 

+  70 

+61 

+  97 

+48 

Windsor 

27.973 

+105 

—68 

+105 

—68 

Windsor 

29.973 

+115 

—16 

+115 

—16 

where  I.  and  II.  represent,  respectively,  the  comparison  with 
the  "  observed  "  and  "  assumed  "  positions.  The  large  neg- 
ative residual  iu  right  ascension  on  the  24th,  and  the  positive 
residuals  on  the  27th  and  29th,  give  an  entirely  different 
character  to  the  observed  geocentric  motion,  and  sufficiently 
account  for  the  dissimilarity  iu  the  elements  deduced  from 
this  and  the  Cape  and  Adelaide  series. 

Iu  addition  to  the  equatorial  pointings  made  at  the  Cape. 
we  have  an  apparently  independent  set  of  data  of  some  value, 
in  the  sketches  upon  the  Uranometria  Argentina  map.  In 
the  case  of  an  object  so  vaguely  defined  as  this,  carefully 
made  naked-eye  allineations  would  probably  be  quite  equal 
in  accuracy  to  equatorial  pointings.  The  published  sketches 
give  the  following  places  (1887)  and  differences  (O — C) 
from  the  above  orbit : 


Greenw.  M.T. 

a 

h         ni 

8 

O            1 

J«  cos  8 
i 

J8 

1 

Jan.   23.324 

21  47.5 

—47     0 

—  5 

—27 

24.331 

22     7.5 

47  20 

—13 

+25 

25.341 

22  32.7 

47  56 

+19 

+45 

27.331 

23  18.5. 

49  41 

+25 

•> 

28.345 

23  42.9 

49  21 

+40 

+21 

29.331 

23  59.4 

— 19  35 

—13 

+  7 

If  we  unite  all  the  preceding  results  to  form  three  normal 
places,  combining  the  observations  in  the  groups  January 
20.987-23.324,  January  24.313-26.015.  and  January  26.997- 
29.973,  using  the  "observed"  Cordoba  positions,  and  assign- 
ing half  weight  to  those  taken  from  the  Cape  sketches,  aud 
quarter  weight  to  the  Windsor  estimates,  we  find  : 


Jan.  22.200 

21   26  20.6 

—44  55.2 

25.000 

22  22  50.6 

— 4*   15.0 

27.800 

23  28  52.2 

—49  34.3 

An  orbit  from  these  normals  would  doubtless  be  an  im- 
provement upon  those  above  presented,  but  I  have  no  time 
to  carry  the  computation  further. 


TWO  HUNDRED  SIXTY-SEVENTH  ASTEROID 


A  cable-dispatch,  received  by  the  Science  Observer  code, 
announces  a  new  asteroid  of  the  thirteenth  magnitude,  dis- 
covered by  M.  Charlois  at  Nice,  May  27. 


The  position  was 
Greenw.  M.T. 
May  27.5575 


a 
17h  2m  1P.5 


—22°  31'  43" 
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OBSERVATIONS  OF   COMET   1887  e  (barnard) 

MADE  WITH  THE  9.6  INCH  EQUATORIAL  AT  THE  U.S.  NAVAL  OBSERVATORY,  WASHINGTON, 

By  Prof.  E.   FRISBY. 


1887  Washington  M.T. 


No. 
Comp. 


"s  apparent 


a 


logpA 

for  a      I      for  6 


May  14  11  30  44.3 
19  12  35  16.2 
21       9  42  56.0 


15  ,  3 
20  ,  4 
20  ,  4 


+2  59.80 
+0  45.23 
—0  29.93 


/      n 
+10  37.6 
—  7     4.2 
+  3     7.1 


15  13  59.34 
15  22  31.67 
15  25  35.52 


-29  33  23.2 
-26  35  9.0 
-25  21  50.0 


n8.450 

9.145 

»9.352 


0.734 

0.857 
0.834 


Mean    Places  for  1887.0  of   Comparison-Stars. 


* 

a 

Bed.  to 
app.  place 

s 

Heel,  to 
app.  place 

Authority 

1 

2 
3 

h         m        s 

15  10  57.32 

15  21  44.28 
15  26     3.30 

s 

+2.22 
+2.16 
+2.15 

o        /        II 

—29  43  56.4 
—26  28     3.4 
—25  24  56.0 

ii 
—4.4 
—1.4 
—1.1 

Gould  Gen.  Cat.  20721  =/Lupi 

Gould  Z.  C.  XV.  1438 

A(Gould  Z.  C.  XV.  1742  +  y,  6384) 

Note.  — The  two  catalogue  positions  of  »  3  only  differ  08.0G  and  0".2,  and  the  mean  of  the  two  positions  was  taken. 


OBSERVATIONS  OF   SAPPHO  <§>,  NEAR   OPPOSITION, 

MADE   AT   THE   LEANDER   MoCORMICK   OBSERVATORY,    UNIVERSITY'   OF   VIRGINIA. 

[Communicated  by  the  Director,  Prof.  Ormond  Stone.] 


1887  Greenwich  M.T. 

* 

No. 
Comp. 

Ja 

* 

z/8 

@)'sai 
a 

jparent 

s 

log 

for  a 

pA 

for  6 

~> 
o 

h        m       s 

m       s 

t         n 

h        m       a 

o         I         ii 

Jan.  10 

18  10  55 

1 

10  ,  3 

—2     5.88 

—1     0.1 

7     2  22.59 

+  8  56  53.6 

9.185 

0.633 

L 

10 

18     6  37 

2 

11  ,  0 

—0  46.19 

7     2  22.64 

9.162 

L 

15 

17  20  22 

3 

16  ,  0 

+0     4.93 

6  57     8.48 

9.010 

L 

15 

17  40  13 

3 

12 

+0     4.08 

—5     2.5 

6  57     7.63 

9     6     8.2 

9.152 

0.631 

L 

18 

16     9  21 

4 

7,0 

+0  12.12 

ri8.090 

M 

18 

16  21   19 

3 

7,3 

— 2  51.52 

+1  48.7 

6  54  12.03 

9   12  59.2 

8.090 

0  626 

M 

26 

18  42  48 

5 

6,  1 

+1   40.95 

+2     9.8 

6  47     5.65 

9  36  21.2 

9.534 

0.655 

S 

27 

17  12     8 

6 

6  ,  2 

—2  20.36 

+1     8.9 

(1   40   22.64 

9  39  24.7 

9.299 

0.631 

S 

Feb.    9 

16  45  37 

7 

23  ,  7 

—0  13.29 

—1  58.6 

6  39     6.18 

+10  26  42.3 

9.412 

0.629 

M 

Mean  Places 

for  1887.0  of  Comparison- Stars. 

Date  1887 

* 

a 

Red.  to   1               5 
app.  place!               0 

Red.  to 
app.  place 

Authority 

January  10 

1 

h        m       s 

7     4  27. .VI 

+0°93 

O         J             tl 

+  8  58      3.8 

ii 
—10.1 

Leipzig 

10 

2 

7     3     7.90 

+0.93 

+92    23.0 

Leipzig 

15 

3 

6  57     2.60 

+0.95 

+  9  11    21.3 

—10.6 

^(Glasgow  +  Leipzig) 

18 

4 

6  53  58.9 

+0.95 

+  9     9.9 

DM.  +9°  1375 

26 

5 

6  45  23.74 

+0.96 

+  9  34    22.5 

—11.1 

i  (Glasgow  +  Leipzig) 

27 

6 

6  48  42.04 

+0.96 

+  9  38    27.0 

—11.2 

Leipzig 

February  9 

7 

6  39  18.51 

+0.96 

+10  28    52.3 

—11.4 

Leipzig 

S  =  Ormond  Stone  ;         L  =  F.  P.  Leavenworth  ;         M  =  Frank  Muller. 


The  second  set  of  observations  on  January  15  was  made  by  ob- 
serving several  sets  of  transits  over  the  micrometer-wires,  placed 
at  an  angle  of  45°,  with  the  declination  circle.  The  position-circle 
was  then  rotated  through  90°,  and  an  equal  number  of  transits  ob- 
served with  the  wires  set  at  an  angle  of  45c,  on  the  opposite  side  of 
the  declination-circle.     The  remaining  observations  are  compari- 


sons of  right-ascension  and  declination  made  in  the  usual  way. 
All  the  observations  were  corrected  for  refraction  but  not  for  paral- 
lax. Mr.  Leavenworth  estimated  the  magnitude  of  Sappho  on 
January  10  as  11M;  on  January  15  as  10M.  The  positions  of  com- 
parison-stars observed  at  Leipzig  were  kindly  furnished  by  Dr. 
Bruns. 
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OBSERVATIONS   OF   THE   COMET   1886   IV 


MADE  AT  THE  PRINCETON  OBSERVATORY,   NEW  JERSEY,   WITH    THE  23-INCH  EQUATORIAL  AND  DIAGONAL  SQUARE-BOX  MICROMETER. 

[Communicated  by  the  Director,  Prof.  C.  A.  YOUNG.] 


18S6  Greenwich  M.T. 

* 

No. 
Comp. 

Ja 

-* 

z/S 

c^'s  apparent 
a                          8 

log 

for  a 

ford 

Obs'r 

d 

m        s 

1       II 

h        in         s 

o      t       it 

May  25 

14     5  38 

1 

7 

+0  30.10 

+12  25.7 

11   54     8.84 

7  44     4.3 

?i9.227 

n0.682 

Y 

25 

14  33  23 

2 

10 

—1     2.54 

+  9     6.6 

11   54  10.36 

7  43   17.1 

w9.303 

rcO.684 

Y 

26 

15     6  14 

3 

5 

-fO  38.94 

—  9  50.6 

11   55  42.07 

7     5     2.2 

«9.445 

mO.699 

Y 

26 

15     6  14 

4 

5 

-J-.0     3.21 

—  3   15.2 

11   55  42.12 

7     5     4.0 

»9.445 

«0.699 

Y 

28 

14  13     7 

5 

12 

—  1    15.93 

—  8     7.8 

11   58  46.12 

5  51   18.7 

n9.289 

7i0.703 

Y 

June    5 

11   54  34 

6 

5 

-4-1    17.45 

+  7     9.7 

12   12  52.73 

0  44  24.6 

«9.464 

h0.751 

Y 

5 

14  54  34 

7 

5 

+0  57.77 

+  4  36.6 

12  12  52.60 

0  44  17.8 

n9.464 

k0.751 

Y 

5 

15  10  26 

6 

5 

+  1   15.73 

+  7  27.4 

12   12  51.01 

0  44  42.3 

«9.497 

n0.751 

McN 

5 

15  10  26 

7 

5 

+0  55.95 

+  4  52.8 

12  12  50.78 

0  44  34.0 

«9.497 

h0.751 

McN 

Mean 

Places 

for   188G.0  of 

( 'omparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

h        m         s 

11  53  37.47 

6 

+  1.27 

0          1             II 

7  31   45.3 

ii 
—6.7 

"VYeisse's  Bessel  XI,  891 

2 

11  55   11.64       4-1.26 

7  34    17.2 

—6.7 

( ilas^ow  3079 

3 

11  55     1.87      +1.26 

7   14  59.5 

—6.7 

Brit.  Naut.  Aim.,  -Vin/inis 

4 

11   55  37.64      +1.27 

7     8  25.9 

—6.7 

Glasgow  30s i 

5 

12     0     0.80      +1.26 

5  59  33.2 

—6.7 

Glasgow  3099 

6 

12  11  33.96   ,  +1.32 

0  37  22.1 

—7.2 

Schjellerup  44:i."> 

7 

12   11  53.51   |  +1.32 

0  39  48.4 

— 7.2 

Weisse's  Bessel  XII,  148 

The  observations  marked  Y.  are  by  Prof.  Young;  those  marked  McN.  are  by  Mr.  Malcolm  McNeill. 


Observations  corrected  for  proper-motion  of  comet,  refraction 
and  orientation  of  square. 

May  2G.     Observations  interrupted  by  clouds. 

May  28.  Comet  about  IV  in  diameter,  very  diffuse  and  faint,  no 
good  center,  observations  difficult  and  not  very  good,  sky  not  very 
dark. 

June  5.  Comet  very  faint  and  diffuse,  4'±  in  diameter.  Obser- 
vations extremely  uncertain. 


In  all  the  observations,  and  especially  In  those  of  June  5,  the 
right-ascensions,  as  determined  by  disappearance  behind  the  bar, 
are  less  than  those  determined  by  the  reappearances,  the  average 
difference  being  about  15.5.  There  is  also  evidence  of  a  large 
personal  equation  between  Y.  and  McN.,  from  the  observations  of 
June  5. 


ON  THE  VARIABLE  STAR  F.10  SAGITTAE 

19h  49™  25%     +16°  15'.4     (1855.0) 
By  EDWIN  F.  SAWYER. 


From  my  observations,  43  in  number,  of  this  star,  extend- 
ing from  September  18  to  December  9,  1886,  the  following 
times  of  maxima  and  minima  have  been  deduced  : 
Observed  Maxima. 


E 

Camb.  M 

T. 

(1 

Wl. 

o-c 

426 

1886  Sept. 

2:;.  2  7 

3 

—0.32 

427 

Oct. 

1.40 

3 

—0.58 

428 

10.30 

1 

—0.07 

429 

18.81 

•> 

+0.07 

431 

Nov. 

l..",s 

4 

—0.13 

432 

12.96 

1 

+0.07 

433 

20.43 

2 

—0.84 

434 

29.15 

1 

—0.50 

435 

Dec. 

7.91 

1 

—0.13 

Observed  Minima. 

E 

Camb.  M.T.                     Wt. 

"-'. 

4  26 

1886  Sept.  20.14          3 

—0.45 

427 

29.15          2 

+0.17 

128 

Oct.      7.06         3 

—0.31 

429 

15.79          2 

+0.04 

430 

23.76         5 

—0.37 

431 

Nov.     1.76         2 

+0.26 

432 

:>.."■:'         2 

—0.31 

433 

17.99         3 

—0.29 

134 

26.55         3 

—0.11 

P.v  a  comparison  of  these  determinations  with  the  elements 
given  by  Chandler  in  the  Astr.  Nachr.  2749.  I  find  a  cor- 
rection of  — 0d.29  for  the  epoch  of  maximum,  with  a  prob- 
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able  error  of  ±0d.07.  The  correction  of  the  assumed  period 
■would  appear  to  be  — 0m.96.  which  substantially  agrees  with 
that  found  by  Mr.  Reed  in  No.  155  of  this  Journal. 

The  light-curve  appears  very  flat  at  minimum,  much  more 
so  than  is  usually  the  case,  consequently  this  phase  cannot 
be  determined  with  sharpness  from  the  observations.  The 
increase  of  light  is  rapid,  and  there  is  a  notable  inflection  in 
the  light-curve  after  maximum,  -which  has  also  been  pointed 
out  by  Mr.  Chandler.  The  minimum  apparently  occurs 
about  2d. 8  before  maximum. 

From  the  observations  the  following  first  approximation  to 
the  light-curve  is  found  : 

Cambridgeport .  1887  May  13. 


Before  Maximum. 


—3.0     £  =  5.5 

—1.0 

£=    9.S 

—2.5     £  =  5.4 

—u.5 

£  =  15.2 

—2.0     £  =  5.5 

—0.0 

£=  16.0 

—1.5     £  =  6.7 

After  Maximum. 

0.0     £  =  16.0 

+3.5 

£  =  7.5 

+0.5     £  =  15.8 

+4.0 

£  =  6.4 

+  1.U     £=15.1 

+4.5 

£=  6.0 

+1.5     £=14.0 

+5.0 

L  =  5.7 

+2.0     £  =  13.0 

+5.5 

£  =  5.5 

+2.5     £=12.1 

+6.0 

£  =  5.4 

+3.0     £  =  10.9 

FILAR-MICROMETER   OBSERVATIONS   OF   COMET   1887  e 


MADE   AT    THE   DUDLEY   OBSERVATORY 

By  LEWIS   BOSS. 


1887           Albauy  M.T. 

* 

X... 
nip. 

#- 
Ja. 

-* 

J8 

#"s  apparent 
a                            8 

log^A 

for  o            for  6 

Mav   13 

h        tn        s 

11  24     5 

1 

30  ,  10 

m        e 

+  1    15.11 

—2  21.:. 

h        m        s 

15   12  20.24 

—30     6     1.9 

n8.591 

0.925 

15 

12   12   25 

2 

7 

—0  17.04 

—3  34.2 

15   15  38.41 

—28  59  44.7 

7.653 

0.922 

18 

12  30     4 

3 

15  .  5 

—0  38.95 

+0  45.0 

15  20  46.04 

—27  13  12.0 

9.069 

0.939 

23 

12  20  45 

4 

18  .  6 

—0  52.20 

+6  15.4 

15  29  46.51 

—23  55  49.4 

9.068      0.904 

23 

13   13  37 

5 

9  .  3 

— 5  27.51 

+1  50.5 

15  29  50.32 

—23  54  17.2 

9.341      0.892 

Mean  Plans  far  1887.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

h        m       i 

15  11      2.90 

+2*.  23 

o         f          li 

—30     3  38.6 

—1.8 

Cordoba  Zones  and  Yaruall 

2 

15   15  53.24 

+2.21 

—28  56     8.8 

—  1.7 

Yarnall.  Cape  and  Argentine  G.C. 

3 

15   21    22.82 

+2.17 

— 27  13  55.5 

—1.5 

Cordoba  Zones 

4 

15  30  36.56 

+2.15 

—24     2     3.9 

—0.9 

Cordoba  Zones  and  Oeltzen's  Argel. 

(*Wt) 

5 

15  35  15.68 

+2.15 

—23  56     7.1 

—0.6 

See  note  at  end  of  Remarks 

REMARKS. 


The  observations  have  been  corrected  for  refraction.  May  13, 
the  comet  is  extremely  condensed,  and  has  a  star-like  nucleus  esti- 
mated to  be  of  the  magnitude  11.5.  May  1.5.  the  comet  is  scarcely 
visible  through  the  dense  smoke  which  prevails  near  the  horizon. 
May  18,  extremely  difficult  through  light  clouds  and  smoke.  May 
23,  the  first  comparison  with  O.A.  14700  is  somewhat  weak,  owing 
to  the  presence  of  clouds  rendering  the  comet  very  faint.  At  13h 
A. M.T.  the  sky  cleared  and  the  comet  became  an  easy  object  in  the 
second  set  of   comparisons.     Nucleus  star-like.     Magnitude,  11.0. 

The  second  comparison-star,  used  on  May  23  (LI.  28551  =  OA 
14773-4-5),  appears  to  have  a  decided  proper-motion  in  right-ascen- 
sion. I  have  reduced  anew,  by  the  help  of  Yon  Asten's  tables,  La- 
lande's  observation  of  June  6,  1799,  and  to  the  declinations  of  La- 
lande  and  Argelander  I  have  added  — 1".6  for  systematic  correction 


The  resulting  position 


to  the  system  of  the  American  Epherneris. 
for  1887.0  is 

a  =  151"  35m  I5s.68  — 0*.009  t;     and  <5  =  —23°  56'  7".l  — 0".05  t. 

In  the  table,  columns  I  and  III  give  the  seconds  respectively  of 
a  and  6  for  1887.0  as  they  would  result  on  the  assumption  of  no 
proper-motion ;  and  columns  II  and  IV,  the  same  with  the  applica- 
tion of  the  proper-motions  — 05.009  and  — 0".05  in  a  and  6  respect- 
ively. 


Epoch 

Obs. 

Wt. 

I 

II 

III 

IV 

Lalande 

1799.4 

1 

.1 

16.48 

15.66 

1.6 

6.0 

Wash.  Mur.  Z. 

1848.5 

1 

.05 

16.17 

15.81 

5.7 

7.6 

Wash.  Tr.  Z. 

1849.3 

1 

.05 

15.90 

15.55 

4.9 

6.8 

Oe.  Arg.  (S) 

(1850) 

3 

.3 

16.04 

15.70 

6.3 

8.1 

Cord.  Zones 

(1S74) 

3 

-o 

15.83 

13.71 

6.7 

,.3 

Arg.  Gen.  Cat. 

1879.6 

2 

1.0 

15.74 

15.67 

6.5 

6.9 
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ELEMENTS   AND   EPIIEMEEIS   OF   COMET    1887  e  {Barnard,  May  12) 

By  S.  C.  CHANDLER,  Jr. 


The  following  orbit  has  been  computed  from  seventeen  ob- 
servations by  Boss,  Frisby,  Wendell,  Barnard,  and  my- 
self. After  correcting  for  parallax  and  aberration,  these 
■were  combined  into  four  normals  (mean  equinox  1887.0),  as 
follows  : 


Mav  12-15 

Jbs. 
8 

lireenw.  m.t. 
Mav  14.17553 

a 

h         in        9 

15  13     8.03 

0 

0     t     n 

—29  49  55.5 

18-21 

4 

l'.i.214:i5 

21    36..S.S 

26  54  37.0 

23-25 

3 

24.36918 

30  59.48 

23  28  10.9 

30 

2 

30.62988 

43   18.20 

18  48  35.2 

These  give  the  following  elements  : 

T  =  June  16.73745  Greenw.  M.T. 

m  =  15°  11'  53".6) 

Q    =  245    13      1  .9  f  Eq.  1887.0 

i  =  17    35     18  .4  ) 

log  q   —  0.144408 

The  deviations  of  the  two  middle  places  (C — 0)  are 

May  19  .May  24 

J/.  cosjS  — 1".8  —  2".0 

Jfi  +0  .6 


—2  .3 


Ephemeris  for  Greenwich  Midnight. 


1887 

App.  a 

Hourly 
Motion 

App.  8 

Hourly 
Motion 

log  r 

log  A 

Light 

0       /       II 

11 

June    3.5 

15  51   22.52 

+5.308 

—15  46     9.2 

+118.95 

0.148514 

9.604564 

1.62 

5.5 

-,r>  39.19 

5.387 

14   10  46.9 

119.29 

7.5 

15  59  59.48 

5.4  50 

12  35  30.5 

118.75 

0.146419 

9.602066 

1.66 

9.5 

16     4  22.86 

5.516 

10     0  59.6 

117.40 

11.5 

8  48.86 

5.564   . 

9  27  52.3 

115.27 

0.145057 

9.603651 

1.66 

13.5 

13  16.92 

5.603 

7  56  45.3 

112.40 

15.5 

17  46.56 

5.630 

6  28   12.8 

108.84 

0.144444 

9.609160 

1.62 

17.5 

22  17.24 

5.64  7 

5     2  45.6 

1(14.70 

19.5 

26  48.58 

5.057 

3  40  50.1 

100.03 

0.144588 

9.018289 

1.56 

21.5 

31  20.21 

5.659 

2  22  49.0 

94.95 

23.5 

35  51.78 

5.654 

—  1     8  59.6 

89.56 

0.145488 

9.630610 

1.47 

25.5 

40  22.96 

5.044 

+  00  25.0 

83.94 

27.5 

44  53.46 

5.626 

1     5  16.6 

78.19 

0.147133 

9.645624 

1.36 

29.5 

49  22.90 

5.600 

2     5  30.6 

72.39 

July     1.5 

53  50.99 

5.569 

3     1     6.6 

66.60 

0.149502 

9.662825 

1.24 

3.5 

16  58  17.41 

5.5:11 

3  52     6.3 

60.90 

5.5 

17     2  41.91 

5.489 

4  38  34.5 

55.30 

0.152568 

9.681743 

1.12 

7.5 

7     4.32 

5.444 

5  20  36.6 

49.92 

9.5 

17  11   24.45 

+5.390 

+  5  58  17.8 

+  44.80 

0.156298 

9.701997 

1.01 

Cambridge,  1887  June  1. 


CORRIGENDA. 


No.  15G,  p   89.     Lines  1  and  2  from  bottom,  for  J  put  £. 

p.  96.     Line  11,  Nashville  right-ascension,  for  17B.90  put  576.90. 
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OX   CERTAIN   INEQUALITIES  IX   THE  MOOXS  MOTIOX  ARISING  FROM 

THE   ACTION   OF   THE   PLAXETS. 


By   JOHN   N.    STOCKWELL. 


Introduction'. 


1.  Iu  the  vear  1876  Prof.  Newcomb  published  a  detailed 
discussion  of  the  comparison  of  Hansen's  Lunar  Tables, 
with  observations,  for  the  purpose  of  making  the  lunar  eph- 
emeris  as  serviceable  as  possible  in  the  determination  of  the 
longitudes  of  the  stations  from  which  the  Transit  of  Venus 
was  observed  in  the  year  1.S74.  An  incidental  result  of  the 
discussion  was  the  discovery  of  an  equation  iu  the  moon's 
longitude  having  a  period  somewhere  between  fifteen  and 
twenty  years,  and  for  which  no  theoretical  cause  could  be 
assigned. 

2.  The  thoroughness  with  which  the  theory  of  the  sun's 

» 

action  on  the  moon's  motion  had  been  developed  by  different 
investigators,  precluded  the  possibility  of  such  an  inequality 
being  due  to  solar  attraction  ;  and  the  same  might  be  said  in 
regard  to  the  effect  of  the  earth's  oblateness,  notwithstand- 
ing its  period  was  so  nearly  the  same  as  that  of  the  moon's 
node,  on  which  an  important  lunar  inequality  depends.  The 
question  therefore  seemed  to  be  narrowed  to  the  discussion 
of  the  existence  of  a  planetary  inequality  having  the  same 
magnitude  and  period  as  the  empirical  equation  which  had 
been  deduced  from  the  observations. 

3.  About  two  years  after  the  discovery  of  the  inequality 
referred  to,  Mr.  E.  Neison  discovered  two  inequalities  in  the 
moon's  motion  arising  from  the  attraction  of  Jupiter,  and 
having  periods  of  27.4:3  days,  and  17.43  years,  respectively. 
They  correspond  in  form  to  the  evection  and  its  associated 
inequality  of  long  period  which  depend  on  the  sun's  action. 
The  period  of  the  latter  inequality  agrees  well  with  that  as- 
signed by  observation,  but  its  magnitude  was  considerably 
larger.  No  attempt  was  made  to  verify  the  accuracy  of  Mr. 
Neison's  calculations  until  about  two  years  ago,  when  Mr. 
G-.  W.  Hill,  of  the  Nautical  Alumnae  Office,  entered  into  an 


exhaustive  discussion  of  the  theory  of  these  inequalities,  and 
obtained  for  the  coefficient  of  the  long-period  inequality  only 
about  one-tenth  of  the  value  assigned  by  Mr.  Nelson.  Mr. 
Neison,  however,  noticed  only  the  lowest  order  of  terms  de- 
pending on  the  eccentricity  of  the  moon's  orbit,  which  entered 
into  the  formation  of  the  coefficient,  while  Mr.  Hill,  with  his 
characteristic  thoroughness,  has  had  the  leisure,  patience  and 
perseverance  to  extend  his  approximations  so  as  to  include 
terms  two  orders  higher  in  his  coefficients.  Mr.  Hill  has 
employed  Delaunay's  method  of  computing  the  perturba- 
tions, and  I  have  thought  that  it  might  be  of  interest  to 
astronomers  to  give  the  application  of  other  methods  of  in- 
vestigation to  the  same  problem.  The  terms  of  higher  order 
were  found  by  Mr.  Hill  to  be  of  very  little  importance,  and 
I  have,  in  this  investigation,  only  noticed  the  terms  of  lowest 
order  which  enter  into  the  coefficients.  I  have,  in  the  first 
place,  given  the  general  development  of  the  disturbing 
function,  and  have  afterwards  considered  the  particular  in- 
equalities discussed  by  Mr.  Hill,  together  with  such  other 
inequalities  as  may  contribute  to  the  formation  of  their  co- 
efficients. 

4.  The  result  of  my  investigation  may  be  stated  in  few 
words.  I  find  that  the  coefficient  of  the  long-period  term 
given  by  Mr.  Hill  is  about  fourteen  times,  and  that  of  Mr. 
Nelson  one  hundred  and  fifty  times  too  large;  and  that  the 
coefficient  of  the  evection-term,  which  is  given  by  both  of 
these  distinguished  calculators,  is  totally  erroneous  ;  so  much 
so  indeed  that  it  does  not  even  give  the  direction  iu  which 
the  perturbation  takes  place.  It  is  therefore  evident  that 
the  action  of  Jupiter  on  the  moon's  motion  is  inadequate  to 
explain  the  empirical  equation  discovered  by  Prof.  Newcomb. 


Perturbations  of  the  Moon's  Motion  Arising  from  the  Action  of  the  Planets. 


5.  If  we  denote  the  rectangular  coordinates  of  a  planet, 
referred  to  the  center  of  the  earth  as  the  origin,  by  X,  Y,  Z, 
and  if  x,  y,  z  denote  the  coordinates  of  the  moon  referred  to 


the  same  origin,  the  disturbing  function  R  will  be  given  by 
the  equation, 
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(1) 


R  =  'jj\Xx+  Yy+Zz\  -  m."\  (X-.r)2  +  (  Y-^/Y  +  {Z-*y\ 


iu  which  //<"  denotes  the  planet's  mass,  and  /  denotes  the 
planet's  distance  from  the  earth. 


denoted  by  x',  y',  z' ;   x",  y",  z" ;  respectively,  we  shall  have 
X=x"—x',         Y—y"—y\         Z  =  z"—z',        (2) 


If  the  heliocentric  coordinates  of  the  earth  and  planet  arc     and  the  functions  R  and  /will  become 


(3) 


R  =  jf\  |  xx"+yy''+zz")  -  (xx'+ytf+zz1)  \  -  m"\  (x"-x'-Xy  +  (tf-,/-,jy  +  <z"-z'-z)  \*~* 


(4)  /=  { (x"— x1)'-  +  (y"— y')>  +  {z"-z'r\2 

Now  we  have 

[(»"—»'— XY  +   {jf'—y'—yy  +  (/'—z'-zyf^ 


(•-.» 


=  ]-+p.  \  (•'■x"+yy"+zz")  -  (Xx'+y}/+zz')  -  Jr8}  +  J±  { (.«,-"+,,,/'+**") 


(.rz'+yy'+z/)  —  i»*j 


neglecting  the  terms  depending  on  the  s<  u<  »//<  and  higher  powers  of  /. 
If  we  substitute  this  in  equation  (3).  it  will  become 


(6) 


B  =  -y  +  i^yf-  -  f~  \  (xx"+yy"+zz")  -  (.,:r'+yy'+zz')  -  W 


We  shall  now  transform  this  equation  to  polar  coordinates,  and  shall  take  the  ecliptic  for  the  fundamental  plane,  in  which 
case  we  evidently  have  z'  =  0.     Then  we  shall  have 

(7) 


x  =  r  cos  8  cos  v 
y  =  r  cos  8  sin  v 
z  ==  ;•  siu  8 


x  =  r  cos  v 
y'  =  »•'  sin  v' 
z'=0 


x    =  r"  cos  o    cos 
?/"  =  r"  cos  6"  sin  v" 

z"  =  /-"sin  8" 


Then  we  obtain 

jra;"  +  y2/"  +  22"  —  ir" \eos0 cos  0" cos  (v  —  v")  +  sin  0 sin  8" j 

(8)  .'.'■'  -|-yy'  +22'     =  r/  cos  8 cos  ( o — v')  j 

/  =  |  /■"-  +  /-  —  2  r'r"  cos  (*/  —  v")  } 2 

The  value  of  R  therefore  becomes 

™"         1>„",-'  m" 

(9)  i?  =  _!!!_  -i_  ^"_' _  _  3  !'1_  ^  n-"  [cose  cos^"  cos  (■y—u")  +  sin  0siu  6"]  —  rr' cos  6  cos  (v  —  v)  —  ±r<- 

This  equation  may  easily  be  reduced  to  the  following : 
m"       m"r  ,    3m"  r2  sin1  6 


R  = 


(10) 


_  |  ?L  |  iy  _  in"-  cos-  8  sin2  6"  —  /-"/'"  sin  8  siu  6"  +  £rV'2  cos'2  6  cos2  6"  cos  2  (  w— «"  | 

+  r  cos  8  )■!,■"-  sin  8  siu  6"  cos  8"  —  rr"  cos  $"\  cos  ( u— «")  +  £rV2  cos2  6  cos  2(r— v') 
_j_,^|r/_2/r"  siu  6  sin  0"}  cos  6  cos  (v-^i/)  —  r*r'r"  cos2  0  cos  8"  cos  (2--—  i-'— 


"  6.  Having  given  the  analytical  expression  for  the  disturb- 
ing function,  we  shall  now  apply  it  to  the  determination  of 
some  uf  the  principal  inequalities  arising  from  the  action  of 
the  planet  Jupiter  on  the  motion  of  the  moon. 

The  arguments  of  the  two  inequalities  which  we  have  men- 
tioned iu  the  Introduction,  arise  from  the  development  of  the 
term  of  R  which  depends  on  the  angle  2  (r —  v").  We  may 
secure  the  desired  degree  of  accurapj  in  the  calculations  if 
we  neglect  the  inclinations  of  the  orbits  of  the  moon  and 
Jupiter,  and  we  may  also  suppose  the  orbit  of  Jupiter  to  be 


circular.     In  our  further  investigation  we  may  therefore  sup- 
pose that 


R  = 


.  3  

V5 


ra"-  cos  •_'  ('• —  '    ) 


(11) 


in  which  a"  denotes  the  mean  distance  of  Jupiter  from  the 
sun.     Equation  (11 )  gives 

dR 

dr 


=  -* 


r  cos  2  ( ■• —  v") 


OR  m"a' 


r*sin2  (v  —  v 


(12) 


In  order  to  develop  these  equations,  we  have,  with  sufficient  accuracy  for  our  pur]    - 
(13) 


r    =  a  \  1  +  ie2  —  e  cos  (lit — at)  —  £e2  cos  '2(nt — 1%)  \ 

v    =  nt  +  2e  sin  ( nt — w)  +  Je2  sin  2(»? — to) 

v"  =  n"t  r  —  „'t  r'  —  a  r"  =  o" 
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Whence  we  get 


cos  2(v— v")  =  J 1— 4e2}  cos  2(nt— ri't)  +  2e  cos  (3nt— 2n"t—  u>)  —  2e  cos  (nt— 2n"t-\-m) 
+  Ve*  cos  (4«t— 2n"t—  2<«)  +  Je2cos  2(n"t— w) 


(14) 


sin  2(v— v")  =  {  1— 4e2|  sin  2(nt— n"t)  -j-  2e  sin  (3nf— 2n"t—  u>)  —  2e  sin  (nt—  2n"t-\-a>)  }  .... 

-f-  Vie2  si»  (4"'  —  2n"t—2u>)  —  fe2  sin  2 (»"(—<«)  J  V     ' 


The  value  of /also  becomes 

(16)  /=  a"\\  +u?—  2«eos(n't— n"l)\* 
in  which 

(17)  a  =  a'^r«" 
Equation  (16)  gives 

(18)  f*  =  ±11  +  «*-2«cos  (n't-n"t)\~ 


and  the  development  of  this  equation  gives  for  the  part  which 
is  independent  of  the  cosines 


/"'=  ^75  (1-25953) 


(19) 


If  we  now  make  the  necessary   substitutions    in    equations 

(12),  and  [nit 

...  //_» 

(20) 


«r  = 


m'  cr 


thev  will  become 


J  =  ^A  —  1 1  —  Je2j(3. 77859)  cos  2(nt— n"t)  —  e(5. 66789)  cos  (3nt— 2n"t— w) 


+  e(9. 44648)  cos  (><t—  2«'7+<«)  —  e2(7.55718)  cos  (4nt— 2n"t— 2ro)  —  e2(5. 66789)  cos  2(n"t— <«)  £ 

(~)=  ^~A  |1  —  fe2|(3. 77859)  sin  2(nfr— n"«)  +e(3. 77859)  sin  (3nt— 2n"t— co) 

+  e(11.33577)  sin  (nt— 2n"f+<«)  +  e2(3. 77859)  sin  (4nt-^2n"t— 2w)  —  e2(9. 44648)  sin  2(n"t— «*)  £ 

7.     Having  found  the  expressions  for  the  forces,  we  must  now  substitute  them  in  the  following  equations  : 

—r—  =  an  J  e  sin  (nt — ™)  -|-  e-  sm  2(nt — a>)  '.  |     —    ylt 

-  e-  -4-  e  cos  (nt — <«)  -|-  e2  cos  2(nt — a>)  t 


tfl 


z —  Ci  cos  j 


~dt~ 


■  (W 


dduv 
~dT 


=  —  ~  {  1  +  £e*  +  2e  cos  (nt-«)  +  |e!  cos  2(nt— a.)  j  ^|- 


dt 


-p?  =  —  2-  |  1  +  e-  +  3e  cos  (nt— <u)  +  §e2  cos  2(nt—u>) 


\  Sr 


dSv dS0v       d8xv 

~dt  '  ~~dt     '    ~~dT 


In  equation  (24)  we  must  use 

Cj  cos  p1  =  { 1  —  Je2|  cos  nt  -f-  e  cos  (2nt— to)  —  e  cos  m  -\-  |e2  cos  (3nt — 2w)  =F  £e2  cos  ( ?ii — 2<u ) 


(21) 

(22) 

(23) 

(24) 
(25) 
(26) 
(27) 
(28) 
(29) 

(30) 


c,  cos  p'  =  a2  ndt  |  =F  |1  —  f  e2^cos  nt  =F  e  cos  (2nt— w)  ±  e  cos  w  =F  |e2  cos  (3nt — 2oj)  -\-  £e2  cos  (nt— 2u>)  |  (31) 

c3  sin  p1  =  2a  ndt  |  jl  —  e2^  sin  nt  -+-  ^e  sin  (2nt—m)  —  \e  sin  to  -4-  y«"  sin  (3nt— 2a<)  ±  e2  sin  (nt — 2<u)  j-       (32) 

If  in  equations  (30-32)  we  mutually  interchange  sin  and  cos,  i   the  values  of  the  factors  in  the  last  term  of  equation  (24). 
and  use  the  lower  signs  where  two  are  given,  we  shall  obtain  | 

8.     It  is  now  easy  to  find  the  following  values  : 
c2  cos  p1 


jA^RN  _  £^!ncfcj±  1 1.88930  —  17.00367  e2^  cos  (3nt— 2n"t)  +  {1.88980—  1.88930  <?\  cos  (nt— 2n"t) 

±  e  (4.72325)  cos  (4nt—2n"t—£u)-j-e (0.94465)  cos  (2nt—2n"t—^)±e  (6.61254)  cos  (2nt—2n"t+w) 
±  e  (2.83394)  cos  (2n"t— u>)  ±e2  (8.73800)  cos  (5nt— 2n"t— 2«)  +  e2  (0.70848)  cos  ( 3nt— 2n"t— 2ro) 

±  e2  (0.23616)  cos  (nf-|-2n"t— 2oo)  ±e2  (7.32103)  cos  (nt—2n"t+2w)  I 


(33) 
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C,  sin  0  (-pj  =  h  »»S  "*  -  =b  \ 3- 778511  —  28.339  1 2  e2}  cos  {Zut— 2;i"t)  +  {3.77859  —  5.60788  e-\  cos  (  nt—  2n"t ) 

±e  (8.50183  )  cos  (  int—  2n"t—a>)  +e  (2.8339  1 )  cos  (  2ti£—  2n"<— w)  rfe  e  (12.28042)  cos  (  2nt— 2n"t-\-a) 
±f  (6.61253)  cos  (2n"t— to)  ±e2 (14.64204)  cos  (on<— 2%"«— 2w)  +  e2  (2.36162) cos  (3n«— 2m"«— 2oo) 

±e2 (1.41698)  cos  (nH-2w'7— 2w)±e! (11.80810)  cos (n«— 2n"t+2a)  X 

If  we  now  take  the  integral  of  the  sum  of  these  two  equations  we  get 


(34) 


I    '  c,  cos  p  (  —  I  ■ 


»»;; 


(35) 


=  £»»*{  —  {0.632422  —  3.79454  <?-(  sin  (3w«— 2n"t)  ±  {5.74028  —  7.65371  e2j  sin  (nt— 2n"t) 

—  c  (0.947634)  sin  (4nt— 2n"t— a)  ±  e  (1.90128)  sin  (2w«— 2w"t— w)  +  e  (2.85192)  sin  (2wf— 2n"«+ia) 

—  e  (748.997)  sin  (2n"t— w)  —  e2  (1.18380)  sin  (5w£— 2n"«— 2eo)  ±  e2(l. 02769)  sin  (3n£— 2n"f— 2eo) 


+  e2  (1.63255)  sin  (nt-\-2n"t—2a)  —  e"  (4.54439)  sin  (nt— 2n"t-\-2w) 


In  finding  this  integral,  we  have  supposed  that  n"  =  0.00630628  n,  and  if  we  use  the  lower  sign  where  two  are  given,  and 
change  sin  to  cos  iu  the  second  member,  we  shall  have  the  value  of 


/{**"©+ 


"• ""  <"(»)} 


If  we  now  substitute  the  proper  values  in  equation  (24),  we  get 

dSj  _  wm^  f  |5  10786    i    736.883  e2|  sin  2(nt—n"t)  -4-  e  (7.32635)  sin  (3nt— 2n"t— a) 
(36)  efc  in       (  * 

+  e  (745.477)  sin  (nt— 2n"t+a)  +  c-  (9.22967)  sin  (AM— 2n"t— 2a>)  -f  e2  (753.751 )  sin  2(n"f— w)  [ 

Equation  (22)  gives 

,o-s     ff— V?'=^-{  —  |1—  5"2U1-901284)  cos2(»?— »'V)  —  e  (1.264847)  cos  (3nf— 2»'V— w) 
(3  0    J  \dv  J  2an  (       '  ' 

+  e  (11.48057)  cos  (nt—2n"t+a)  —  e"  (0.947635)  cos  (int— 2n"t— 2oi)  +eL"  (748.9977)  cos  2 (h"t—w)  V 
Substituting  this  in  equation  (23),  we  get 

dd^_am      (  e,  (637270)  siu  2(nt—n"t)—e  (0.95064)  sin  (Snt— 2n"t— a) 
(38)  (It  zfj.       (  •  -i 

+  e  (0.95064)  sin  (nt—2n"t-\-a)  — e2  (1.58306)  siu  (4«?— 2n"t— 2w)  -+-e3  (4.78964)  sin2(n"f— w)  [ 


If  we  also  substitute  (37)  iu  (27),  we  get 

dd0v      am1 
(39)  ~dt 


W  ( 

-  n  \  {1.90128  —  14.01829  e-\  cos  2(nt—n"t)  +e  (3.16612)  cos (8nt—2n"t—to) 
2/i        (  -v 

—  e  (9.57929)  cos  (nt— 2n"l-\-m)  +  e"  (4.58908)  cos  (int— 2n"t— 2w)  —  e"  (758.102)  cos  2(n"«— to)  V 


Since  6V/-  depends  upon  So,  and  S^'  depends  upon  8r,  we  can 
only  find  these  quantities  by  successive  approximations. 
The  first  approximation  to  value  of  or  is  equal  to  the  part 
of  fip-  in  equation  (36),  which  is  independent  of  the  eccen- 
tricity e  of  the  moon's  orbit.     Whence  we  find 

(40)     1st  value  of   6r  =  —  ^-  (2.57014)  cos  2(w<— n"t) 


Then  equation   (29)  gives  for  the   first  approximate   value 
of  Sv 


<=f-  (3.54312)  sin  2(nt— n"t) 


(41) 


Equation  (25)  then  gives 


(42) 


=  a-K--n  {  e(l-77156)[sin(3n«— 2n"t— «o)-|-sin  (nt— 2w"«-4-w)]  X 


to3r       am- 
~di 


cm- 


Then  the  substitution  in  equation  (26)  gives  the  second  approximation  to  the  value  of  — —  as  follows  i 

(43)       ~  =  C^n  |  (5.10786)  siu  2(nt— n"t)  -f  e  (8.14727)  siu  (Snt— 2n"t— w)  -f  e  (748.200)  sin  (nt—2n"t+co)  X 
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The  integral  of  this  equation,  being  substituted  in  equation 


(28) ,  will  give  the  second  approximation  to  the  value  of 


dt  ; 


and  this  being  added  to  equation  (39)  will  give  the  second 
approximation  to  the  value  iV.  We  shall  therefore  have,  after 
three  approximations, 


'.'"'-='',"'   n  j  e2(765.680)  sin  2(nt— n"t)  +  e  (1.77156)  sin  (3nt— 2n"t— w)  +  e  (1.77156)  sin  (nt— 2n"t+a) 

-\-  e-  (4.5048S)  sin  (4nt— 2n"t— 2a)  —  e2  (768.262)  sin  2(n"t— to)  X 

-£  =K-n\  1 5. 14028  +  3805.105  e"\  cos  2(nt—n"t)  +e  (13.16486)  cos  (3nt— 2n"t— m) 

+  e  (1523.224)  cos  (nt— 2n"t-\-m)  +  e-  (25.84225)  cos  (4nt—  2n"t— 2m)  +  e-  (743.317)  cos  2(n"t— m)  X 
Then  we  get  for  the  complete  values  of  the  differentials  of  8r  and  dv, 

— -  =  j--»  |  {5.10786+  1508.936  e2\  sm-2(nt—n"t)  +  e  (8.14727)  sin  (3nt— 2n"t— m) 

-4-  e  (748.200)  sin  (nt— 2n"t-\-m)  -+-  e'2  (12.15149)  sin  (4nt— 2n"t— 2m)  —e"  (9.721 )  sin  2(n"t— m)  X 

-j*-— 5~  n  j  J 7.04156-(-  3791. 087 e2}  cos2(nt— n"t)  +e  (16.33098)  cos (3nt—2n"t—w) 

+  e  (1513.645)  cos  (nt— 2n"t-\-m)  +  e-  (30.43133)  cos  (int— 2n"t— 2m)  —  ea  (14.785)  cos'2(n"<— m)  X 
Equations  (46)  and  (47)  give  by  integration 

—  2 

Br  =  ~  |  —  |2.57014  +  759.256  e8}  cos  2{nt— n"t)  —  e  (2.72722)  cos  (3nt-2n"t—m) 

—  e  (757.757)  cos  (nt— 2n"t-\-m)  —  e2  (3.04748)  cos  (4nt—2n"t—2m)  -f  e2  (770.760)  cos  2(w"f— m)  X 

8v  =  —  J  {3.54313  +  1907.57 es|  sin  2(nt— n"t)  +  e  (5.46664)  sin  (3nt— 2n"t—  m) 

+  e  (1532.98)  sin (nt—2n"t-\-w)  -f  e!  (7.6319)  sin (int— 2n"t— 2m)  —e-  (1172.31)  siu2((i"?— m)  | 


(44) 
(45) 

(46) 
(47) 

(48) 
(49) 


If  we  assume  the  earth's  mass  to  be  1  -^-335172  of  the 
sun's  mass,  and  use  Bessel's  mass  of  Jupiter,  we  shall  find 
m"  =  319.8574  ;  and  if  we  take  the  moon's  mean  distance 
from  the  earth  as  unity,  we  shall  find  a"=  2021.517.  -There- 
fore equation  (20)  will  give   ?7r  =  0". 0079864  ;    and  if  the 


moon's  mass  be  taken  as  1  -4-  80  of  the  earth's  mass  we  shall 
have  /j.  =  |i,  and 


=  0".0078803 


(50) 


Then  since  e  =  0.0548993  we  shall  find  that  equation  (49) 
gives 


dv  =  0".0366  sin  2(nt— n"t)  +  0".0012  sin  (3nt— 2n"t— m)  -f-  0".3319  sin  (at—  2ri't+m) 
+  0".0001  sin  (4n«—  2n"t—  2m)  _0".0139  sin  2(n"t— m) 

(To  be  continued.) 
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THE   VARIABLE   STARS    T  ANT)    U  MONOCEROTIS,   1886. 


By  EDWIN  F.  SAWYER. 


T  Monocerotis 


Fifty-six  observations  were  obtained  on  this  star,  extend- 
ing from  1885  November  14,  to  1886  April  19.  From  these 
the  following  epochs  of  maxima  and  minima  have  been  de- 
duced, in  Cambridge  M.T.,  using  the  mean  light-curve 
formed  from  the  1881-83  observations  : 


Observed  Maxima 


Observed  Minima 


1885  Dec. 

d    h    m 

1  17  48 

1885 

Dec. 

d   h   j 

17  13  19 

28  4  0 

1886 

Jan. 

13  17  26 

1886  Jan. 

23  15  15 

Feb. 

7  20  54 

Feb. 

18  23  34 

Mar. 

8  15  51 

Mar. 

18  23  7 

Apr. 

6  1  54 

Apr. 

16  17  21 

Cambridgeport,  1887  May  2. 


U  Monocerotis 
This  star  was  observed  on  49  evenings,  from  1885  Novem- 
ber 28,  to  1886  April  29.     From  these  observations  the  fol- 
lowing times  of  maxima  and  minima  have  been  determined  : 


Maximum  =1886  Jan.  13.5 
Feb.  24.0 
April  14.0 
25.8 


Light  =  25.1 
25.1 
26.6 

Light  =    7.3 

13.2 

6.3 


Minimum  =  1885    Dec. 

1886   Feb.       3.0 
March  28.0 

The  interval  between  the  1st  and  2d  maximum  =  41.5  days  ; 
and  between  the  2d  and  3d  maximum  =  49  days.  The  in- 
terval between  the  1st  and  2d  minimum  =  39.2  days;  and 
between  the  2d  and  3d  minimum  =  53  days.  The  1st  and 
3d  minima  were  faint  ones,  while  the  2d  was  a  bright  one. 
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OBSERVATIONS   OF   THE   COMET   1886   VII 

MADE    AT    THE    PRINCETON    (N.   J.)    OBSERVATORY 

(Communicated  by  the  Director,  Prof.  C.  A.  YOUNG.) 


Greenw. 

vl.T. 

* 

No. 
Comp. 

Ja 

■* 

z/8 

o/'s  apparent 

s 

log  j 

for  a 

for  S 

1 

With 

ring-micrometer  ami  the 

9^-inch  equatorial.     M.  McNeill,  Observe! 

1886  Dec.  16 

h        in      s 

10  57    2 

1 

6 

111          s 

—0  54.26 

+20  48. 4 

h         m        s 

22  32  23.77 

°         1 

—10  15 

11 

35.8 

*<9.126 

*,0.830 

11  18  46 

2 

6 

—1   39.50 

—18  31.1 

22  32  29.45 

—  10   14 

54.4 

((9.242 

ra0.827 

20 

10  49  12 

3 

3 

—2  31.23 

—13  37.8 

22  52  58.97 

—  7  53 

43.7 

((9.036 

n0.816 

10  51  35 

4 

4 

—2  52.58 

—  19  44.0 

22  52  59.75 

—  7  53 

48.2 

»9.054 

aO.816 

11  16  27 

5 

8 

—0  41.99 

+  6  55.0 

»9.202 

,,0..si4 

21 

11     9  13 

6 

12 

—0  18.84 

+  0  51.1 

22  58  11.13 

—  7  17 

2.6 

&9.159 

n0.810 

25 

10  59    2 

7 

5 

—0  51.03 

+20  59.7 

((9.064 

xO.794 

11  16    9 

8 

5 

+0  22. M 

—16  57.5 

n9.171 

(,0.793 

27 

11  12  15 

9 

12 

+  1  35.76 

+  2  24.1 

23  28  41.66 

—  3  36 

4.0 

((9.140 

((0.784 

2. 

With  t) 

te  filar-mil 

rometer  of  the  23-inch  equa 

torial.     C.  A.  Young,  Observer. 

1886  Dec.  21 

11     3  37 

6 

10 

+  0  41.6 

—  7  17 

12.1 

aO.811 

1 1     4  33 

6 

8 

—0   19.19 

22  58  10.78 

«9.132 

27 

11  16    4 

9 

5 

+  2  37.9 

—  3  35 

50.2 

((0.785 

1887  Jan.  15 

11     0  16 

10 

8 

+  8  45.1 

+  7  26 

3.5 

((0.682 

11  12  39 

10 

8 

+0  16.06 

0  59  21.73 

n9.066 

21 

12  40  39 

11 

10 

+  6  55.4 

+  10  25 

11.5 

»0.811 

12  57  15 

11 

10 

+0     5.82 

1  25  49.62 

&9.462 

22 

12  49  54 

12 

3 

—0  39.24 

1   29  58.33 

(,9.447 

25 

13  10  52 

13 

12 

—0     4  26 

1   42  36.:' 7 

n9.493 

13  29  46 

13 

11 

—  9     8.4 

+  12  12 

49.7 

(,0.663 

27 

13  21  17 

14 

16 

+0     2.25 

1   50  46.64 

n9.514 

13  41  24 

14 

10 

+  0   18.4 

+13     3 

24.2 

0O.66O 

Feb.  12 

12  26  28 
12  43    6 

15 
15 

10 
10 

+0  39.49 

—  0  51.:' 

»9.447 

,,H. .,.,.) 

19 

12  48  54 

16 

5 

-j-0  23.21 

3  14  51.89 

,,9.475 

Mean    Places  for  18S6.0  of   Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

*s 

Red.  to 

app.  place 

Authority 

1 

h         in        s 

22  33  16.04 

+l'.99 

o            1            II 

—10  36  39.2 

+  15.0 

Astr.  Nach.  ^1.  p.  75.  no.  417 

2 

22  34     6.95 

+2.00 

—  9  56  38.5 

+  15.2 

i(Astr.  Nach.  94.295  +  Schj. 

9271,2) 

3 

22  55  28.15 

+2.05 

—  7   40   21.2 

+  15.3 

J:(Astr.  Nach.  57.230  +  Schj. 

9451) 

4 

22   55  50.27 

+2.06 

—  7  34   19.5 

+  15.3 

Weisse's  Bessel  XXII.  1136 

5 

22  52.3 

—  8     9 

On  Peters's  Chart  No.  19 

6 

22  58  27. HI 

+2.06 

—  7  18     8.9 

+  15.2 

1  (Schj.  9475  +  Y.  10151) 

9 

23  27     3.71 

+2.19 

—  3  38  43.7 

+15.6 

Schj.  9709 

10 

0  59     3.06 

+2.61 

+  7  17     4.3 

+14.1 

Yarnall  554 

11 

1   25  41.04 

+2.76 

+10  18     2.9 

+13.2 

Yarnall  714 

12 

1   30  34.78 

+2.7:' 

+  10  47  16.6 

+13.1 

DM.  10°  210 

13 

1  42  38.37 

+2.86 

+12  21   45.4 

+12.7 

DM.  12°  236 

14 

1  50  41.50 

+2.89 

+  13     2  53.5 

+12.3 

DM.  12    254 

16 

3  14  25.43 

+3.25 

+20   14     4.6 

+  7.2 

B.B.  VI,  20°  541 

The  stars  nos.  7,  8,  15  have  not  been  identified  ;  the  two  former 
are  9M.5,  the  latter  is  10". 

On  Dec.  l'7  the  Ja  was  too  great  to  lie  measured  with  the  microm- 
eter-screw, and  it  was  not  practicable  to  take  transits,  as  the  chrono- 
graph was  temporarily  out  of  order. 


On  Jan.  22  and  Feb.  1'.'  it  became  foggy  before  the  observations 
could  in'  completed. 

Prof.  Bos.s.  ot'  the  Dudley  Observatory,  will  re-observe  the  com- 
parison-stars. 

Observations  are  corrected  for  refraction  and  proper-motion  of 
comet. 
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OBSERVATIONS    OF    COMET    1887  e     {Barnard,  May  12) 

MADE  AT  THE  HARVARD  COLLEGE  OBSERVATORY 

By  O.  C.  WENDELL,  Assistant. 
(Communicated  by  Prof.  Edward  C.  Pickering,  Director.) 


1887  Greenwich  M.T. 

* 

No. 
Comp. 

Ja 

* 

j8 

&?'s  apparent 
a                             8 

log;)  A 
for  a     1      for  d 

h         m        s 

Mav    13     15   15  43 
14     15  22  22 
19     15  58  36 
25     15  20  58 
30     14  36  31 

1 
2 
3 
4 
5 

5 
5 

4 
5 
5 

111          s 

+1   11.20 
+  1     0.32 
+0  49.91 
+1   17.12 
+1     6.34 

—3  41.1 

+4     7.1 
+5  35.3 
+6  46.2 
+2     4.7 

h         m         s 

15  12  16.43 
15   13  53.79 
15  2*2  24.85 
15  33  25.33 

15  43   16.26 

O           f              II 

—30     7  23.3 
—29  35  17.8 
—26  37  53.7 
—22  33  53.1 
—18  49  56.0 

«9.209 
«9.153 
«8.592 

?i8.951 

»9.187 

0.916 
0.917 
0.915 
0.900 
0.881 

Mean  Places  j 

or  1887.0  of  Comparison-Stars. 

* 

1 
2 
3 
4 
5 

a 

Red.  to 
app.  place 

8 

o        i        n 

—30     3  40.5 
—29  39  23.2 
—26  43   27.6 
—22    in  38.4 
—18  52     0.6 

Red.  to 
app.  place 

Authority 

h       m        a 

15  11     3.00 
15   12  51.24 
15  21   32.78 
15  32     6.06 
15  42     7.82 

+2*23 
+2.23 
+2.16 
+2.15 
+2.10 

n 
—1.7 
—1.7 
—1.4 
—0.9 
—0.1 

Cordoba  Zones,  15'\714 
Cordoba  Zones,  15h.821 
Cordoba  Zones,  15h.1425 
Oe.  Argel.  14722 
Oe.  Argel.  14900 

TWO   HUNDRED   SIXTY-EIGHTH 

A  cable  dispatch  received  June  11.  by  the  Science  Observer 
code,  gives  notice  of  the  discovery  of  a  small  planet  of  the 
twelfth  magnitude,  by  Borrelly,  at  Marseilles. 


ASTEROID. 

The  position  was  roughly  given  as 
a  —  17h  19m 


cS  =  —20°  38' 


RING-MICROMETER   OBSERVATIONS   OF   COMET   1887  e  (Barnard,  May  12) 


made  at  the  vaxdekbilt  university  observatory' 
By  E.  E.  BARNARD. 


1887      Nashville  M.T. 

* 

No. 
Comp. 

-* 

6/'&  apparent                                 log  ;>A 

d           h       m        s 

m        s 

r         II 

h        m        9 

o        f        n 

Mav   12     11    10   11 

1 

9 

—0  58.96 

+11  52.8 

15   10  49.20 

—30  35  50.1 

13     11)  28    13 

2 

10 

+  1   16.18 

—  2  23.2 

15   12  21.14 

—30     6     6.3 

14     10  28  57 

3 

7 

+2  58.76 

+10     1.1 

15  13  58.19 

—29  33  59.4 

14     12     2  51 

3 

5 

+3     4.13 

+11  53.6 

15  14     3.56 

—29  32     6.9 

18     11   58  12 

4 

7 

—0  37.07 

+  1   18.6 

15  20  47.88 

—27  12  39.1 

24     10  59  58 

5 

12 

+  1      1.71 

+   1    18.9 

15  31  36.03 

—23  15  19.0 

25     10  17  35 

6 

15 

+o  45.03 

+  14     6.5 

15  33  29.72 

—22  32  41.8 

25     10  37  28 

7 

9 

+0  23.06 

—  0  47.1 

15  33  30.88 

—22  32  11.3 

26     11   47  21 

8 

6 

+4  35.24 

—  1  32.6 

15  35  32.28 

—21  46  34.9 

28     12  40  14 

9 

9 

—1   15.93 

—  7  39.8 

June    9     11   25   19 

10 

2 

—1   17.76 

+   2  55.0 

9     11  36  36 

11 

4 

+1   13.32 

—  1      4.2 

10     10  56  41 

12 

7 

—1     4.08 

+  1  47.0 

11      11    41   56 

13 

6 

+0  39.79 

+  8  57.0 

16     11    19     9 

14 

14 

+0  50.17 

+  1     2.3 

• 

17     10     6  40 

15 

5 

—0   11.81 

+  14  26.4 

17     10  19  in 

16 

9 

—0  31.67 

+15   13.1 

18       9  24   10 

17 

9 

—1   28.25 

—  2     3.2 

18       9  26  50 

18 

8 

+ii     4.11 

+  8  18.1 

20       9  55  28 

19 

7 

—2     3.51 

—  7  52.-1 

23     10     4  43 

20 

9 

+3  19.66 

—  7  24.8 
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Mean  Places  for  1S87.0  of  Comparison- Stars 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

15   Hra45.S92 

+  2*24 

O          I          It 

—30  47  41.3 

—1.6 

Gould  and  Stone 

2 

15   11     2.73 

2.23 

30     3  41.3 

1.8 

Yarnall  6275 

3 

1.".   m  57.21 

2.22 

29  -i:;  :>s.i; 

1.9 

0274 

4 

15  21   22.78 

2.17 

27   13  55.8 

1.9 

Gould  Z.C.  1415 

5 

15  30  32.18 

2.14 

23   16  37.0 

0.9 

•■      2061 

6 

15  32  42.54 

2.15 

22   40  47.4 

0.9 

Yarnall  6444 

7 

15  33     5.67 

2.15 

22  31  23.4 

0.8 

6447 

8 

15  30  54.94 

2.10 

21  45     1.3 

1.0 

6425 

9 

15  40  37 

2.03 

20     5 

—0.4 

8th  Mag.  Equatorial 

10 

1 6     6     9 

2.09 

10  54 

+  1.9 

44 

11 

16     3  38 

2.09 

10  50 

1.9 

44 

12 

16     8     4 

2.09 

10     6 

2.2 

44 

13 

16     8  39 

2.08 

9  26 

3.4 

44 

14 

16  19  28 

2.05 

5  36 

3.7 

It 

15 

16  23  30 

2.05 

5  11 

4.0 

44 

16 

16  23     9 

2.05 

5   11 

4.0 

44 

17 

16  26  16 

2.05 

4  14 

4.3 

9th  Mag. 

18 

16  24  45 

2.05 

4  24 

4.3 

8  th  Mag. 

19 

16  31   27 

2.07 

2  48 

4.9 

(« 

20 

16  32  53 

+2.07 

—  0  55 

+5.4 

tt                        a 

Vanderbili  University  Observatory,  Nashville,  Tenn. 


OBSERVATIONS   OF   OCCULTATIONS   OF   STARS  BY  THE  MOON 

MADE   AT   THE   LEANDER    MCCORMICK   OBSERVATORY,    UNIVERSITY   OF   VIRGINIA. 

[Communicated  by  the  Director,  Prof.  O.  Stone.] 


Date 

Star 

Phenomenon 

Moon's 

Limb 

Time  Noted 

Clock  Cor. 

Sidereal  Time 

Instru-  Power 
meut 

Obs. 

1885  Dec.  22 

1886  Feb.  13 

15 

21 

21 

Apr.    8 

W.  VII.,  685 
111  Tauri 
W.  VII.,  685 

h  Virginis 
/j  Virginis 
B.A.C.  1526 

Immersion 

Immersion 

Immersion 

Immersion 

Emersion 

Immersion 

Bright 
Dark 
Dark 

Bright 
Dark 
Dark 

ll            111            6 

4  20  49.7 

5  7  25.2 
7   13     6.7 
9  57  48.0 

10  49  35.2 

11  6  41.4 

in       s 

+1     9.5 
+3     4.7 
+3     8.3 
+3  20.1 
+3  20.2 
—2     6.8 

h         111        g 

4  21  59.2 

5  10  29.9 
7  16  25.0 

10     1     8.1 

10  52  55.4 

11  4  34.6 

ggcm 

10™ 
10cm 
66™ 
66cm 

ggcm 

350 
150 
150 
175 
175 
250 

L 
M 
M 

M 
M 

M 

Dec.  22. — Moon  almost  full :  estimated  0".  1  late. 

Feb.  13. — Instantaneous.     Moon  near  Zenith. 

Feb.  15. — Time  noted  by  eye  and  ear. 

Feb.  21. — Immersion  rather  poor.     Emersion  estimated  I'.O  late. 

Apr.  8. — Observations  good.     Moon  near  horizon. 


Observations  for  time  were  made  on  the  night  of  the  occultatiour 
except  on  Feb.  15.  The  timepiece  used  was  the  sidereal  chronom- 
eter Bond  (332),  except  on  Apr.  8.  when  the  sidereal  clock  Parkin- 
son and  Frodsham  was  used. 

L  =  F.  P.  Leavenworth:  M  =  Frank  Muller. 


CORRIGENDUM. 


No.  157,  Barnard's  observations,  comparison-star  no.  1,  for  15h  llra  4B.5  put  15h  llm  45s. 


CONTENTS. 

On  Certain  Inequalities  in  the  Moon's  Motion  arising  from  the  Action  of  the  Planets,  by  Prof.  John  N.  Stockwell. 

The  Variable  Stars  T  and  U  Monocerotis,  1S86,  by  Mr.  Edwin  F.  Sawyer.  » 

Observations  of  the  Comet  1886  VII,  made  at  the  Prinxeton  (X.J.)  Observatory. 

Observations  of  Comet  1887  e  (Barnard,  May  12),  by  Mr.  O.  C.  Wendell. 

Two  Hundred  Sixty-Eighth  Asteroid. 

Ring-Micrometer  Observations  of  Comet  1887 e  (Barnard,  May  12),  by  Prok.  E.  E.  Barnard, 

Observations  of  Occultations  of  Stars  by  the  Moon,  made  at  the  Leander  McCormick  Observatory. 

Corrigendum. 


Published  in  Boston,  semi-monthly,  by  B.  A.  Gould.   Address.  Cambridge,  Mass.    PnicE,  $5.00  the  volume.         Press  of  Thos.  P.  Nichols.  Lvxn.  Mass- 

Entered  at  the  Post  Office,  at  Boston,  Mass.,  as  second-class  matter.       Closed  July  2. 


THE 

ASTRONOMICAL    JOURNAL. 

No.  159. 

VOL.   VII.  BOSTON,    1887    JULY    29.  NO.   15. 

ON   CERTAIN   INEQUALITIES  IX   THE  MOON'S  MOTION  ARISING  FEOM 

THE   ACTION   OF   THE   PLANETS. 

By   JOHN   N.    STOCKWELL. 

( Continued  from  page  1 09 . ) 


9.  The  preceding  calculations  have  been  made  according 
to  the  method  which  was  developed  and  employed  in  the 
author's  "  Tlteory  of  the  Moon's  Motion  ;"  but  in.  order  to 
leave  no  uncertainty  as  to  the  correctness  of  the  results 
which  we  have  obtained,  we  shall  here  <rive  the  solution  of 


the  problem  according  to  LaPlace's  method,  as  explained  in 
book  II  of  the  Micanique  Celeste. 

LaPlace  gives  the  following  formulas  for  the  determina- 
tion of  dr.  Sv  and  dR  : 


a  cos  v  j  ndt  r  sin  v  -  -  j  d-R  +  r  ( —  )  [  —  a  sin  v  J  rvdt  r  cos  v  J  2  j  dR  -\-  r  I  —j- )  [ 

p(l—  e2y 
2rddr4-drSr  ,   3« /» /»    ,    ,  „   ,    2a /•    ,       /<1R\ 


Sr  = J (    J  \«rj  )  _J (_J \«r/  )  (52> 


(1-e2)* 


(53) 


«  =  ©*+(£)* 


We  also  have 

</;•  =  awcft  je  sin  (/if — co)  -\-  e-  sin  2(n< — ia)  \ 

d  v  =  n  dt  \  1  -)-  2e  cos  ( n  f — w )  -)-  -J  e-  cos  2  ( n  t — :u )  J 


sin  ,.       ox  sin     .    |      sin  ,,  ,  sin  ,-rv 

v  =  (1 — e-)         ?if  +  e        (2)if — <u) —  e        to  (o5) 

'  cos    '   COS  v       '  COS  v  ' 


COS 


+  I  e-  sm  (3nt  —  2(o)  ±  1  e2  s,n  (/if  —  2a>) 

I   8    C0g  \  /  -»-  8     COg  V  / 

Equation  (54)  gives  by  means  of  (21),  (22)  and  (55) 

2  CAR  =  lr\—  |3.802568  —  9.50642  e-\  cos  2  (nt—n"t)  —  e  (3.71)4515)  cos  (3nt— 2n"t— w) 
-4-e  (11.48058)  cos  (/if—  2m'V+w)  —  e2  (3.790541)  cos  (Ant— 2n"t— 2w)  t 
Equations  (21)  and  (13)  give 

r(  —  )  =  j- j  —  |3. 77859  —  9. 44647  e-\  cos  2  (n«— ri't)  — e  (3.77859)  cos  (3nf— 2ri't— at) 

+  e  (1 1.33577)  cos  (nt— 2ri't  +  w)  —  e-  (3.77859)  cos  (int—2n"t—2at)  —e1  (9.44648)  cos 2 (ri't—  to)  I 

The  substitution  of  these  quantities  in  equation  (52)  gives 


(56) 


(57) 


K~\  —  {2.57014 -f  759.0552  e2|  cos  2 (nt—ri't)  —e  (2.72723)  cos  (3nt— 2n"t— at) 
■  e  (757.7556)  cos  (nt—2ri't+a>)  —  e-  (3.04750)  cos  (int— 2n"t— 2w)  +  e2  (770.5978)  cos  2(n"t— -w)  I 


If  we  now  multiply  equation  (56)  by  3  -  >icft  and  take  the  integral,  we  get 
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a-  [    (  ndtdR  z=—f  —  12.870025  —  7.175063  eH  sin  2(nt-^n"t)  —  e  (1.905282)  sin  (3w«— 2»"£— w) 
(59)        *.«tU  2.M       *  , 

+  <?  (17.44084)  sin  (nf— 2w"i+a>)  —  e2  (1.425949)  sin  {Ant— 2n"t— 2a>)  J 

2a 


!_:  |  „,lt,-(     -     —      -  \  —):\.sn->;,M  —  9.506415  e-J  siu2(/«t— «"0  — e  (2.529695)  sin  (8nt— 2n"t— «o) 

(60)     ,*j      ww     ■-'■( 

+  e  (22.961 1/.)  sin  (nf— 2n"«+<a)  —  e-  (1.895271)  sin  (int—  2n"t— 2<o)  —  e"  (1497.993)  sin2(n"t— oj 


>} 


Also  if  we  multiply  equation  (57)  by  —  ndt  and  take  the  integral,  we  get 
2a  r   ,.JdR\  = 

+  e( 
If  we  take  the  differential  of  equation  (58)  we  get 

—  =  a  ■— ' n  f  J5.107865  +  1508.537  e2i  siu  2(nt-^ n"t)  +  e  (8.14730)  sin  (3nt— 2n"t— <o) 

(61)  eft  2/«     )  '  , 

+  e  (748.1986)  sin  (n*— 2n"t+a)  +  e-  (12.15157)  sin  (hit— 2n"t—2(o)  —  e5  (9.718907)  sin  2(n"i— oi)  ^ 

From  the  first  of  equations  (13)  ami  equation  (61)  we  get 

2rdSr  —  —  f  {10.21573  +  2265.836  t2\  sin2(n«— ri't)  -4-  e  ( 11.18674  )  sin  (Snt— 2n"t— a) 

( 62 )  a-ndt        2,-i  I  i 

+  e  (1491.289)  siu  (nt-2n"t+(o)  +  r  (13.60191)  sin  (-lnt—2n"t—2o>)  -+-  e-  (731.3147)  sin2<  V<— w)  J 


Equation  (58)  and  the  first  of  (55)  give 

drSr        » 
<63) 


_  — i  — «  (1.28507)  siu  (3nf— 2n"t— w)  +e  (1.28507)  sin  (nt— 2n"t+w) 
a-ndt        2ft  \  i 

—  e2  (377.514)  sin2(n<— ><"<)  —  e2  (2.64868)  sin  (4n*— 2n"«— 2«)  —  <r  (380.1629)  sin2(n"<— <u)  J 


If  we  now  substitute  the  values  of  the  functions  we  have  computed,  iu  equation  (53)  we  find  after  dividing  by  (1  —  e2)* 

Sv=—\  J3.543H  +  1906.775  e-\  sm2(nt—n"t)  +  e  (5.46669)  sin  (Snt— 2n"t— «) 
<64)  2;i  \  j 

+  e  (1532.976)  sin  (  nt—2n"l+<o)  +  e2  (7.63206)  siu  (4n«— 2n"<— 2co)  — r  (1146.841)  sin2(n"f— a>)  J 

Equations   (58)   and   (64)   are    practically    identical   with  changes  the  solar  perturbations  of  the  moon,  is  called  the 

equations  (48)  and  (49),  which  proves  that  no  mistake  of  planet's  indirect  action  on  the  moon. 

importance  has  been  committed  iu  the  application  of  the  for-  Iu  the  theory  of  the  moon's  motion  the  only  term  in  which 

mulas.     LaPlace's  method,  however,  has  the  advantage  of  the  indirect  action  of  Jupiter  can  produce  any  inequalities  of 

not  requiring  the  use  of  so  many  decimals  in  order  to  obtain  the  form  which  we  have  been  considering,  is  the  following, 

an  accurate  result,  and  hence  the  value  of  Bv  in  equation  (64)  iu  which  in'.  >•'  and  v'  denote  the  sun's  mass,  distance  and 

is  slightly  more  accurate  than  in  equation  (49).  longitude. 

10.     The  preceding  values  of  Br  and  Sv  arise  from  the  di- 


rect action  of  Jupiter,  and  in  order  to  complete  the  subject 
of  these  inequalities,  we  must  now  determine  the  effect  of 
Jupiter's   indirect   action.     The  amount  by  which  a  planet 


*  =  -i~cos2u->   I 


" 


This  gn  es 


(66) 


BR  =  I  A~  cos  2(i—  i-')  Br'—  f  -g-  sin  2(  v—i)  dv' 


If  we  increase  the  coefficients  of  the  inequalities  of  the 
earth's  radius  vector  and  longitude  as  given  by  LaPlace  in 
the  third  volume  of  the  Mecanique  Celeste,  in  the  ratio  of 
1067.09  to  1047.879.  so  as  to  correspond  to  Bessel's  mass 
of  Jupiter,  we  shall  get  the  following  vain.-  of  8r'  and  8v', 
iu  which  we  have  changed  n"t  to  v'  and  n'"t  to  r".  which  is 
permissible  since  the  orbits  are  supposed  to  be  circular. 

—,  =—0.0' 966377  cos  2  (v'  —  v") 

(07) 

iV  =  +  0.0000137704  siu  2  (  v'  —  v"  I 

'"    Substituting  these  values  iu  equation  (66)   and  puttting 
r'  =  a'.  Wi 


8R  = ( 0.0000005439.3  )  cos  2 ( i— v" ) 

a 

If  we  substitute  the  value  of  f~s  given  by  equation  (19) 
in  equation  (11)  we  shall  get 


R  =■ 


0.944648)  cos2  («  —  «") 


• 


Equations  (68)  and  (69)  give 

8R  =  TT^R  (70) 

Therefore,  the  effect  of  Jupiter's  indirect  action  ou  the  moou 
is  to  increase  its  direct  action  by  its  twelfth  part  very  nearly. 
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11.     If  we  increase  the  coefficients  of  the  two  inequalities 
which  have  been  investigated  by  Neison  and  Hill,  and  which 

Bv  =  +  0".360  sin  (nt— 2n"t+<o)  —  0".01o  sin  2(n"t— a>) 

If  we  reduce  the  arguments  to  the  same  form  and  notation,  Mr.  Hill's  equation  will  become 

8v  =—  0".903  sin  (nt— 2n"t+a)  —  0".209  sin  2(n"t— w) 


we  have  given  in  equation  (51),  by  their  twelfth  part,  we  shall 
obtain  the  following  values  of  these  inequalities  : 

(71) 


The  coefficient  of  the  long-period  inequality  in  Mr.  Hill's 
equation  is  about  fourteen  times  as  great  as  in  equation  (71), 
while  the  coefficient  of  the  evection  term  is  nearly  two  and 
one-half  times  larger,  and  has  a  contrary  sign.  The  last  terms 
of  both  equations,  however,  are  so  small  as  to  be  of  no  prac- 
tical importance,  although,  as  a  question  of  theory,  a  closer 
agreement  would  seem  to  be  very  desirable.  The  agreement 
of  the  two  solutions  given  in  this  paper  would  seem  to  justify 
the  conclusion  that  no  mistakes  have  been  committed  in  the 
substitution  of  the  expressions  for  the  forces  in  the  formulas 
for  the  perturbations  :  and,  therefore,  if  the  results  here  given 

In  the  first  place,  he  gives  for  the  expression  of  the  forces  depending  on  the  direct  action  of  the  planet 


(72) 

are  erroneous,  the  error  must  exist  in  the  expressions  of  the 
forces  themselves.  But  great  care  has  been  taken  in  the 
computation  of  the  forces,  and  a  comparison  of  the  expres- 
sions here  given  with  analogous  ones  due  to  solar  attrac- 
tion, leads  to  the  belief  that  the  expressions  of  the  forces  are 
correct. 

12.  On  the  other  hand,  there  are  some  considerations 
connected  with  Mr.  Hill's  work  which  would  seem  to  justify 
the  suspicion  of  possible  errors,  and  I  may  be  permitted  to 
briefly  call  attention  to  them,  hoping  that  he  may  be  thereby 
induced  to  re-examine  his  calculations. 


/■' 


=  m'  ^  |  2". 732  e°  cos  2(n"t— «)  +  0".002o  e2  sin  2(n"t— co)  \ 


(73) 


in  which  we  have  retained  only  the  terms  of  Lowest  order  in  the  expressions  of  the  coefficients, 
indirect  action  he  finds 


For  the  terms  due  to  the 


8R  =  m'  ^5  i  0".267  e2cos  2(ri't- 


-co)—  0".006t2  sin  2  (n"t— m)  \ 


(74) 


In  comparing  the  coefficients  of  the  first  terms  of  these  ex- 
pressions, Mr.  Hill  remarks  that  ••the  indirect  action  aug- 
ments the  direct  by  a  tenth  part  only."  But  if  we  extend 
the  comparison  to  the  second  terms  we  find  that  the  indirect 
action  is  nearly  two  and  one-half  times  larger  than  the  direct, 
and  that  it  also  has  a  contrary  sign  ;  and  hence  the  effect  of 
the  indirect  action  on  the  second  term  is  twenty-five  times 
greater  than  on  the  first.  According  to  equation  (  70 )  the  ratio 
of  the  direct  action  to  the  indirect  is  the  same  for  all  the  terms. 

And,  in  the  second  place,  it  is  easy  to  prove  that  the  co- 
efficient of  the  evection  term  in  Mr.  Hill's  equation  (72)  is 
totally  erroneous,  unless  the  action  of  Jupiter  on  the  moon  is 
repulsive  instead  of  attractive.  For  the  evection  due  to  the 
sun's  attraction,  according  to  Delaunay,  is,  very  nearly, 

(75)  8v  =  +  4600"  sin  (nt— 2n'«-f  w) 

The  evection  due  to  Jupiter  according  to  Mr.  Hill  is 

(76)  Sv  =  —  0".903  sin  (nt— 2n"t+w) 


Now  by  reason  of  the  great  distances  of  the  sun  and  planets 
it  follows  that  whenever  the  arguments  of  the  two  preceding 
equations  are  equal,  or,  in  other  words,  when  the  sun  aud 
planet  are  in  conjunction  at  the  earth,  they  are  also  in  con- 
junction at  the  moon  ;  their  lines  of  action  are  therefore 
sensibly  parallel,  aud  consequently  their  action  on  the  moon 
ought  to  be  in  the  same  direction,  provided  they  both  were 
endowed  with  the  same  kind  of  attractive  power.  But  the 
coefficient  of  equation  (75)  is  certainly  correct  in  sign,  if  not 
in  amount;  therefore,  in  order  that  equation  (7G)  may  also 
be  correct,  it  is  necessary  that  Jupiter's  influence  should  be 
essentially  repulsive ! 

13.  We  shall  now  show  that  the  perturbations  of  the 
moon  by  the  planets  are  all  of  essentially  the  same  character 
as  the  similar  perturbations  produced  by  the  sun.  For  the 
disturbing  functions  due  to  the  sun  and  planet,  which  give 
equations  of  the  forms  we  have  here  considered,  are 


R 


l  nl?L-  (  _  l  cos  -2(nt— n't)  —  \  e  cos  (3nt— -2n't— w)  +  §  e  cos  (nt— 2n't-\-a)  \ 
a "    {  1 

tt    2 

w  b  |  —  2  cos  2(nt — n"t)  —  \e  cos  (ont— 2n"t— w)  +  J  e  cos  (nt — 2n"t-\-e>)  1 


(77) 


R  = 


in  which  the  masses  and  distances  of  the  sun  and  planet  are 
denoted  by  letters  with  one  accent  aud  two  accents  respect- 
ively :  aud  b  denotes  the  non-periodic  term  in  the  develop- 
ment of  the  inverse  fifth  power  of  the  planet's  distance  from 
the  earth.  Now  the  character  of  the  perturbations  depends 
alone  upon  the  variable  terms  of  these  forces,  while  the 
amount  depends  upon  the  coefficients.  In  the  case  of  the 
sun  and  planets,  the  values  of  the  mean  motions  n'  and  n" 


are  very  small  in  comparison  with  n.  the  mean  motion  of  the 
moon.  Now  the  substitution  of  these  forces  in  the  formulas 
for  the  perturbations,  will  give  the  same  sign  to  the  different 
terms  for  all  values  of  n'  and  n"  which  are  less  than  \n.  To 
illustrate  we  will  take  three  cases  involving  as  many  different 
values  of  n\  n",  etc.  We  will  suppose  that  the  force  R' 
above  corresponds  to  Jupiter,  and  that  we  have  for  Neptune 
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(78)  B"  —  f^T^  4'  j  —  J  COs2(nf— n'"t)  —  J  e  cos  (3n«— 2n"'<— »)  -f  $  e  cos  (nt— 2n'"t-\-a)  \ 

Then  we  shall  have,  for  the  Sun,  Jupiter  and  Neptune,  respectively. 

(79)  n' =  0.07480133n,         w"  =  0.006306087n,         «'"  =  0.0004544718n, 
And  if  we  denote  the  perturbations  iu  longitude  by  6v,  dxv,  (\,v,  we  shall  get 

(80)  8v  =  |  ^-£  j  1.291910  sin  2(«<— «'«)  +  e  (1.846288)  siu  (3«f— 2n'<— w)  -4-  e  (45.04373)  siu  (nt—2u't+o>)  j 
(.si  )  (y  =  |  ^-iiT6!  0.9376837  sin  2(n<— n"0  -fe  (1.446741)  siu  (3nt— 2n"t— «u)  -4- e  (405.7015)  sin  (nf—  2ti"H-<b)  I 
(82)  S.v  =  f  "^  4'  |  0.9181590  sin  2(rrf— n'"t)  +  e  (1.307550)  siu  (3nfr—  2n"t— w)  -+-  e  (5509.801)  sin (nt—2ri"t-\-<o)  I 


These  equations  are  all  correct  to  terms  of  the  same  order, 
and  the  effect  of  the  different  mean  motions  is  seen  iu  the 
coefficients  of  the  different  terms.  From  this  we  see  that  the 
coefficients  of  the  first  two  terms  vary  slowlv.  while  the  last, 


or  evectiou  term,  increases  with  great  rapidity  as  the  mean 
motion  diminishes.  There  is,  however,  no  change  of  sign  in 
the  coefficients,  which  confirms  what  was  already  evident 
from  the  general  considerations  above  stated. 


If  we  reduce  these  equations  to  numbers,  observing  that  b  =  1.25953  aud  b'  =  1.0069524,  we  shall  get  for  the  pertur- 
bations : 

(83)  Sv  =  2112"  siu  2(nt — n't)  -+-  175". 5  sin  (Snt — 2rit— w)  +  4281"  sin  (nt— 2n'C-\-m) 

(84)  V  =  0".0140  sin  2(«< — n"t)  +  0".0012  sin  (3nt— 2n"i— w)  -4- 0".3319  siu  (nt— 2n"t+to) 

I  85  i  6tv  =  0".  00000317  sin  2(nt— n'"t)  +0.0000002  siu  (3nt— 2n'"l— a)  -4- 0".0010  sin  (nt— 2n'"t+<») 


These  three  equations  represent,  to  the  same  order  of  ap- 
proximation, the  largest  inequalities  arising  from  the  attrac- 
tions of  the  sun,  of  Jupiter  aud  of  Neptune ;  aud  of  those  due 
to  planetary  action,  the  eveaion  arising  from  the  attraction  of 
Jupiter  is  the  only  oue  that  has  a  sensible  value. 

17.  It  is  therefore  manifestly  useless  to  seek  for  an  ex- 
planation of  the  empirical  equation  discovered  by  Prof.  New- 
comb  iu  the  action  of  the  planets  upou  the  nioou.     In  fact. 

Cleveland.  1887  June  7. 


the  explanation  of  that  equation  which  is  given  iu  No.  149 
of  this  Journal,  namely,  that  it  is  simply  the  correction  of 
the  adopted  value  of  the  inequality  iu  longitude  due  to  the 
oblateuess  of  the  earth,  iu  order  to  reduce  it  to  its  true  value, 
is  so  obviously  correct  that  no  further  explanation  seems 
necessary  ;  at  least  uutil  it  has  been  carefully  showu  that  the 
explanation  there  given  is  inadequate  for  the  purpose. 


OX  THE  XEW  ALGOL-TYPE  VARIABLE,   Y  CYGXI 


My  early  attention  having  been  called  to  this  star,  by  Mr. 
Chandler,  observations  were  begun  ou  the  evening  of  Decem- 
ber 11.  1886.  The  star  was  first  detected  near  minimum  on 
December  21  at  5h  45,n,  Camb.  M.T.  Since  that  date,  owing 
to  the  star's  near  approach  to  the  sunset  horizon,  and  to 
other  causes,  only  a  few  observations  have  been  obtained. 

The  following  table  gives  the  light  of  the  variable  at  each 
observation  deduced  from  a  preliminary  light-scale,  formed 
from  the  few  observations  secured  : 


46'"  16\1.     +34°  6'  57"     (1855.0) 
By  EDWIN  F.  SAWYER. 

The  partially  observed  increase  of  light  ou  December  27 
fully  confirms  the  interesting  character  of  the  light-variations 
as  announced  by  the  discoverer.  Although  the  observations 
are  insufficient  to  establish  precisely  the  times  of  minima  on 
the  several  evenings,  when  the  star  was  seen  below  its  nor- 
mal brightness,  they  afford  a  general  confirmation  of  the  ele- 
ments given  on  pp.  48  aud  56  of  this  Journal,  as  is  clearly 
shown  by  the  following  comparison  of  the  latter  with  the 
time  of  the  observation  ou  each  of  the  dates  iu  question. 


Camb. 
M.T. 
i>      in 

Light 

Camb. 

M.T. 

h           111 

Light 

1886  Dec 

11 

7  15 

9.5 

1886  Dec. 

27 

5.45 

3.1 

14 

6   15 

10.0 

27 

7.45 

5.1 

16 

6   L5 

10.0 

27 

8.30 

6.4 

17 

6  30 

10.5 

27 

8.55 

8.3 

20 

5    15 

10.0 

28 

5.45 

10.0* 

21 

;,    i;, 

4.3 

1887  Jan. 

o 

6.15 

3.6* 

23 

5  45 

10.0  : 

11 

6.05 

4.9: 

25 

6  45 

10.0 

E 
4 

Computed 
1 886  Dec. 

Minimum 

h         in 

21     6     3 

Time  of  i  ibservation 

h         in 

Dec.  21     5  45 

6 

27 

5  55 

27 

.".   4."' 

8 

1887  Jan. 

2 

5  47 

Jan.     2 

6  15 

11 

11 

5  35 

11 

i;     5 

The   observations    furnish  uo  evidence  of  a  further 
division  of  the  period. 


sub- 


Cambridgeport,  1887  May  20. 
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CORDOBA   OBSERVATIONS  OF   COMET   188(5   VII.  (fixlay) 


The  accompanying  observations  were  made  with  the  great 
equatorial  and  filar-micrometer,  using  a  power  of  60.  during 
the  first  hour  of  each  uight  before  begiuuiug  the  regular  DM. 
work.  The  object  was  a  good  oue  for  observing,  in  the 
main,  and  I  only  discontinued  the  series  because  it  had 
passed  well  beyond  our  hemisphere.     Upon   the   nights   of 


November  4  aud  December  8,  respectively,  the  comet  passed. 
nearly  centrally.  11 JM  and  8M  stars  without  apparently  di- 
minishing their  light.  The  comparison-star  used  upon  the 
night  of  January  16.  no.  49  —  WB.  I.  9 —  needs  a  correction 
of  — 10s  in  the  original  catalogue. 

JOHN  M.  THOME. 


138G      Cord.  M.T. 

* 

No. 
Comp. 

y  —  ^                                6^"'a  apparent 
Ja               J8                    a                       8 

log 

for  a 

fore! 

Oct.  14  7  59m50'.0 

1 

4 

111         s                                  1           " 

+3  10.25  !  —  5  40.8 

h       m      s 

17  52  2:i.26 

0     1     n 
—26  39  14.8 

9.666 

»0.336 

16  8    0  15.6 

2 

7 

-j-1  33.74     +11  48.7 

17  58  58.08 

26  39  12.0 

9.668 

ftO.341 

is  :  :»i  37.6 

3 

10 

-j-0  37.10     —12  53.4     Is    5  37.7:' 

26  37  57.9 

9.658 

ftO.323 

21  8  18  18.7 

4 

9 

+0  44.67 

—  5  47.9 

18  16    1.45 

26  33  47.1 

9.702 

nO.414 

22  7  46  37.8 

5 

8 

— 1     9.79 

+  10     6.4 

18  19  29.27 

26  31   18.4 

9.654 

ft0.317 

■2:\  8    1  29.4 

6 

7 

+  1  14.04 

+  9  38.5 

18  23    6.76 

26  29  22.3 

9.674 

,-0.355 

24  8    5  19.0 

7 

5 

—2  50.34 

—  3  48.9 

18  26  45.93 

26  26  27.4 

9.678 

n0.366 

25   7  46  47.9 

7 

10 

+0  38.60 

—  0  44.0 

18  30  23.85 

26  23  22.6 

9.655 

ftO.323 

27  7  57  36.2 

8 

8 

+  1  15  51 

+  3  46.1 

is  .",7  55.12 

26  15  52.3 

9.669 

dO.353 

29  9    3  26.4 

9 

7 

-j-1  37.93       -  2  25.0 

18  45  17.83 

26    6  22.5 

0.72'.' 

reO.496 

30  8  30  15.7 

10 

5 

—4  12.46  i  —  9    9.2     18  49  37.05 

26     1     6.2 

9.704 

kO.431 

£/  faint  in  clouds 

Nov.    1  8  25  42.6 

11 

4 

+2    9.70    +   1  31.3     18  57  33.87 

25  1:1  19.9 

9.699 

n 0.4 23 

8  8  21    5.0 

12 

6 

—2  19.83     -f  6  47.1     19  26  48.22 

24  51     0.6 

9.689 

n0.424 

13  8  37  48.1 

13 

6 

—2  51.93     -j-  6  37.9 

19  48  58.72 

23  52    0.2 

9.699 

„o.465 

14   8  47     2.5 

14 

8 

+  1  19.10    +  0  12.6 

19  53  33.47 

23  38  17.0 

9.706 

reO.483 

15  8     4  49. S> 

15 

4 

4-1  13.87    —  8  11.4 

19  57  58.13 

23  24  30.0 

9.661 

»0.408    high  wind.  tel.  shaken 

16  8    3  33.9 

16 

7 

-j-0  31.04    —  8    5.3 

20    2  36.92 

23    9  15.4 

9.658 

re0.409 

12    3.7 

17 

6 

+0    2.28    +  2  4  7.1 

20    2  38.18 

23    9  14.3 

9.669 

nO.424 

17  8  15  51.0 

18 

8 

—1    8.82 

+  2  37.7 

20    7 

22  53 

9.671 

-«0.434 

18  8    8  14.9 

19 

9 

—0  32.  si 

—  8  26.4 

20  11  58.48 

22  37     7.2 

9.661 

ftO.439 

19  8    7  53.0 

20 

7 

+  1  14.00 

—  1  10.0 

20  16  40.83 

22  20    1.7 

9.658 

,,0.426 

23  8  13    0.0 

21 

7 

4-0  56.34 

+  8  21.3 

20  35  54.19 

21    4  21.6 

9.657 

w  0.448 

24  8    8  41.6 

22 

8 

-(-ii  54.98      -  0    8.5 

20  40 

20  41 

9.649 

»o.445 

25  7  59  35.4 

23 

8 

4-0  10.09    ■  -  6  23.8 

20  15 

20  22 

9.635 

>i0.436 

• 

26  8  58  24.4 

24 

7 

4-i»  13.02 

+  5  49.6 

20  50  46.62 

19  59  19.9 

9.096 

reO.523 

27  9    2    3.9 

25 

7 

—0  33.36 

4-  5  14.0 

20  r,;,  44.72 

19  36  18.2 

9  696 

„0.529 

28  8  10  36.4 

26 

5 

—1  51.88       -  2  31.4 

21    0  33.39 

19  13  26.1 

9.642 

n0.465 

23  12.4 

27 

7 

—0    5.79     —  4     7.:: 

21    0 

19  13 

9.658 

kO.481 

30  8  17  44.6 

28 

7 

—ii  59.03 

+  3  36.6 

21  10  36.43 

18  23  53.6 

9.64  7 

>i0.482 

Dec.    1  8  15  12.3 

29 

5 

+3  44.04 

—  1  59.4 

21  15  38.73 

17  58    9.0 

9.641 

n0.484 

3  8  44  28.9 

30 

7 

—2  30.21 

—  2  10.0 

21  25  5:;.  is 

17    3  38.1 

9.669 

,,n.523 

7  8  24  39.2 

31 

5 

—2  14.56 

—  1  11.6 

21  45 

15     7 

9.638 

n  0.535 

8  8    8  55.8 

32 

6 

+  1  25.10 

—  3  48.0    21  51  23.80 

14  38     1.7 

9.612 

,,o.513 

£/  very  faint 

9  8    7  23.4 

33 

6 

-f-1    9.85 

—  6    0.8     21  56  32. 

14    7 

9.608 

hO.519 

£/  v.  ft.  aud  ill  defined 

27    8V2 

34 

5 

+3    6.02 

—  8  18.6     21  56  36.56 

14    6  34.7 

9.636 

n0.535 

12  8  38  32.3 

35 

7 

4-0  39.46       -  0  24.6     22  12    7. 

12  29 

O.i;  12 

5*0.558 

14  8  51  32.4 

36 

6 

—2    6.70    —  6  22.5 

22  22  32.13 

11  21  46.6 

9.652 

,,o.57i; 

15  8  35  53.2 

37 

5 

—3     1.08    +  4  37.8 

22  27  38.82 

10  47  53.4 

9.632 

,,o.571 

35  53.2 

38 

5 

—3  36.46 

+  3  22.7 

22  27  38.97 

10  47  59.7 

9.632 

?i0.571 

16  8  45    5.5 

39 

7 

—0  39.89 

—  2  22.5 

22  32  49.80 

10  12  56.7 

9.641 

n0.582 

17  8  20  20.5 

40 

8 

+0  52.21 

+  6  25.9 

22  37  55.11 

9  37  18.6 

9.606 

,,o.571 

20  8  22    8.2 

41 

7 

—2    7.50 

—  lo  53.1 

22  53  22.71 

7  51    0.2 

9.601 

hO.591 

28  8  28  17.0 

42 

8 

+0  26.51 

—  9  33.2 

23  33  59.93 

2  56  11.9 

9.593 

,,0.637 

29  9    8  48.4 

43 

6 

—2  24.15 

—10  13.3 

23  39    9.87 

2  18  25.2 

9.654 

aO.642 

//  very  indistinct 

1887    31   8  42  41.5 

44 

3 

—2     1.40 

+  2  44.0 

23  48  59.95 

—   1     5  45.6 

9.609 

n0.653 

£/  barely  visible 

Jan.  11  8  48  29.8 

45 

6 

-fl  18.93 

—  7  27.8 

0  41  33.95 

+  5  20  37.:; 

9.606 

,,0.698 

13  8  26  25.36 

46 

5 

—0    9.64 

+  3  16.2 

0  50  27. 

6  25 

9.570 

»0.710 

14  8  01  37.00 

47 

5 

—1  46.22 

+  3  16.3 

11  55  10.30 

6  57  16.1 

9.578 

,,0.713 

15  8  29  41.31 

48 

5 

+3  24.80 

+  8  43.6 

0  59  38.52 

7  2s  20.7 

0.575 

;<0.717 

16  8  29  50.89 

49 

7 

+0  36.98 

—  1  13.8 

1     4    5.62 

7  oO  18.0    9.571 

,,o.721 

17  8  22    5.7s 

50 

6 

4-0  41.20    +  7    5.9 

1     8  28.27 

8  29  30.3 

9.560 

„o.726 

18  8  19  21.7 

51 

8 

—1  36.15 

+  3  23.8 

1  12  51.27 

8  59  12.6 

9.564 

„o.728 

20  8  28  17..s 

52 

7 

+  1  3ii.l  I 

+  8  16.7 

1  21  30.70 

9  .".7  18.5 

0.571 

«0.733 

£/  very  faint  in  clouds 

24  8  13  58.8 

53 

10 

—0  10.45 

—  8  45.0 

1  38  21.16 

11  46  13.6 

9.545 

n0.750 

27  8  30    2.7 

54 

6 

-4-1  58.10 

—  9  23.5 

1  50  41.05 

+13    2  38.9 

9.576 

,,0.751 

£/  very  faint 
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Adopted    Mean    Places  for   1886.0  of   Comparison- Stars. 


* 

Mag. 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

74 

h        m        6 

17  49   17.32 

+L69 

c        i        rr 

—26  45     2.1 

rr 

+  6.5 

C.  Z.C.-3285 

2 

8 

17  57  22.64 

1.70 

26  51     7.6 

6.9 

C.  Z.C.  3839 

3 

8£ 

18     4  58.99 

1.70 

26  25  11.8 

7.3 

C.Z.C.  291 

4 

H 

15  15.07 

1.71 

28     0.9 

7. 7 

A.  G.C.  25024 

5 

6f 

20  37.34 

1.72 

42     2.6 

7.8 

A.  G.C.  25160 

6 

i 

21   51.02 

1.70 

39     8.C 

7.8 

A.  G.C.  25197 

7 

8J 

29  43.56 

1.71 

22  46.7 

8.2 

A.  G.C.  25396 

8 

9 

36  38.23 

1.68 

19  46.9 

8.5 

C.  Z.C.  2066 

9 

H 

44     8.22 

1.68 

26     8  56.4 

8.9 

C.  Z.C.  2438 

10 

94 

53  47.81 

1.70 

25  52     6.3 

9.3 

C.  Z.C.  2860 

11 

H 

18  55  22.48 

1.69 

25  51     0.6 

9.4 

A.  (i.C.  26043 

12 

5f 

19  29     6.36 

1.69 

24   58     4.1 

10.4 

A.  G.C.  26827 

13 

H 

51  48.95 

1.70 

23  58  49.4 

11.3 

C.  Z.C.  2102 

14 

H 

52   12.66 

1.71 

38  41.1 

11.4 

A.  G.C.  27343 

crimson 

15 

8* 

19  56  42.56 

1.70 

16  26.2 

11.6 

A.  G.C.  27457 

16 

9" 

20     2     4.17 

1.71 

1  21.9 

11.8 

Oe.  A.  20264 

17 

9 

2  34.18 

1.72 

23   12  13.4 

12.0 

C.  Z.C.  72 

18 

9.5 

8  27. 

1. 

22  56 

19 

9 

12  29.59 

1.73 

28  52.8 

12.0 

Oe.  A.  20389 

20 

8 

15  25.11 

1.72 

22  19     3.8 

12.1 

A.  G.C.  27893 

21 

9 

34  56.12 

1.73 

21    12  55.5 

12.6 

Oe.  A.  20744 

22 

v'iy 

39  50. 

20  44 

23 

H 

54  23. 

16 

24 

10 

50  31.85 

1.75 

20     5  22.6 

13.1 

A.  G.C.  28711 

25 

n 

20  56  16.31 

1.77 

19  41  45.5 

13.3 

Y.  9198 

26 

8 

21     2  23.49 

1.78 

11     8.2 

13.5 

Oe.  A.  21151 

27 

8 

•'  41. 

19     9 

28 

5.5 

11  33.66 

1.80 

18  27  43.:» 

13.7 

A.  G.C.  29215 

29 

7 

11  52.90 

1.79 

17  56  23.4 

13.8 

A.  G.C.  29220 

30 

9 

28  21.86 

1.83 

17     1   42.1 

14.ii 

LI.  41941 

31 

9 

47     9. 

15     6   14. 

32 

8 

VJ  56.8.; 

1.84 

14  34  28.1 

14.4 

4(L1.  +  W.B.) 

33 

H 

55  20. 

14      1 

34 

9 

21  53  28.69 

1.85 

13  58  30.7 

14.6 

W.B.  1210 

35 

94 

22  11 

12  30 

36 

5 

24  36.86 

1.97 

11  15  39.2 

15.1 

A.  G.C.  30696 

37 

84 

30  37.91 

1.99 

10  52  46.3 

15.1 

Y.  9924 

38 

4 

31   13.44 

1.99 

51   37.5 

15.1 

Y.  9932 

39 

9 

33  27.69 

2.00 

10  10  49.4 

15.2 

W.B.  672 

40 

8 

37     0.87 

2.00 

9  43  59.7 

15.2 

W.B.  752 

41 

64 

22  55  28.16 

2.05 

7  40  22.4 

15.3 

A.  G.C.  31293 

42 

9 

23  33  31.20 

2.22 

2  46  54.3 

15.6 

1.1.  46334 

13 

84 

41   31.76 

2.26 

2     8  27.4 

15.5 

Y.  10482 

■ 

44 

9 

23  50  59.06 

+2.29 

—   1      8   44. V 

+15.:; 

W.B.  1008 

Adopted  .I/-',,   piaa  ■   for  1887.0. 


15 

84. 

0  40  15.58 

16 

n 

50 

47 

84 

56  5 7. hi' 

- 

7 

0  56   14.23 

4li 

9 

1     3  29.12 

50 

M 

7  4  7.51 

51 

- 

14   27.86 

52 

8 

i>.i     0.98 

5:; 

9 

38    10.95 

5  1 

8 

1    48  4:;.2-s 

0.56 

+  5  28  10.1 

6  22 

[1.5(1 

6  53  35.1 

0.51 

7   19  51.:; 

0.4* 

8     o  :'.7. 1 

o.47 

22  29.8 

0.4  4 

■-   '•'•  54.2 

0.42 

9  49     7.2 

0.34 

ll  :<r,    4.(i 

0.33 

+  13  12     7.8 

5.0 

W.B.  668 

:,.:) 

KW.B.+L1.) 

5.:; 

Y.  5i'7 

5.3 

W.B.  9 

con 

to  W.B. 

—10s 

5.4 

W.B.  74 

5.1 

W.B.  193 

5.4 

Y.  681 

5.4 

W.B.  677 

5.4 

Ll.  31514 

Cordoba,  1887  ./»/ie  12. 
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OBSERVATIONS    OF    COMET    1887  e     (Barnard,  May  12) 

MADE    AT   THE    HARVARD    COLLEGE    OBSERVATORY 

By  0.  C.  WENDELL.  Assistant. 
(Communicated  by  Prof.  Edward  C.  Pickering,  Director.) 


1887  Greeuwich  M.T. 

* 

No. 
Comp. 

Ja 

* 

j8 

i^/'s  apparent 
a                           8 

logpA 

for  a     1      for  6 

June     7 
8 
13 
14 
15 
25 

li          m        3 

14   29  42 
14    14  42 
16  41  58 
14  41  53 

14  27  31 

15  28  32 

1 
2 
3 
4 
5 
6 

0 

5 
5 

5 
5 

m       s 

—1     9.15 
+0  50.99 
+  1   4.S.22 
—  1   11.72 
+1  31.93 
-j-2  54.90 

!            tt 

—  4  49.8 

—  7  24.4 
+  11    21.1 

—  11  41.5 
+11      1.8 

—  5  19.7 

h        in        s 

16     0  13.09 
16     2  23.47 
16   13  41.93 
16  15  45.32 
16   17  59.52 
16  40  39.59 

O          /            tf 

—12  31   12.7 
—11   44   13.5 

—  7  48  48.8 

—  7     8     9.2 

—  6  24  42.0 
+  03  26.3 

?i9.131 
W9.202 

?i9.136 

hS.944 

«9.036 

+8.622 

0.854 

0.848 
0.828 
0.825 
0.821 
0.772 

Mean  Places  for  1887.0  of  Comparison-Stars. 


* 

Reel,  to 

8 

o          1          tf 

—  12  26  27.2 

Red.  to 

a 

app.  place 

app.  place 

Authority 

1 

h       in        3 

16     1  20.15 

+2*09 

+4.3 

LI.  29331 

2 

16     1   30.40 

+2.08 

—11   36  53.2 

+4.1 

Weisse  15h.1138 

3 

16  11  51.67 

+2,04 

—  8     0  12.7 

+2.8 

Weisse  16h.l«4 

4 

16  16  55.00 

+2.04 

—  6  56  30.7 

+3.0 

LI.  29798 

5 

16  16  25.54 

+2.05 

—  6  35  47.1 

+3.3 

Weisse  16h.272 

6 

16  37  42.62 

+2.07 

+  08  40.1 

+5.9 

BB.  VI.  +0°.3571 

On  June  13,  aud  subsequently,  an  incipient  tail  was  noticed,  about  2'  long. 


OX  A  NEW   VARIABLE   OF   THE   ALGOL-TYPE 


71.  i:;-  49»,     _i6°  9'. 7        (1875.0) 
By  EDWIN  F.   SAWYER. 


I  beg  to  announce  that  I  have  discovered  the  star  155 
(U.A.)  Canis  Majoris  to  be  a  variable  of  the  Algol-type. 

On  the  evening  of  March  26,  while  observing  sequences  in 
the  constellation  Canis  Major,  iu  connection  with  my  revision 
of  the  southern  star  magnitudes,  the  unusual  faintness  of  this 
star  attracted  my  notice  by  the  marked  alteration  in  the  as- 
pect of  the  rather  conspicuous  group  in  the  opera-glass, 
formed  by  this  star  with  uos.  144,  156,  165  ami  169  (U.A.) 
Canis  Majoris.  Only  two  evenings  previous  it  had  appeared 
of  the  usual  brightness.  Careful  comparison  with  the  neigh- 
boring stars  showed  that  no.  155  was  about  6M.8.  My  two 
previous  observations  of  the  star  had  made  it  6M.3  and  6M.4, 
while  iu  the  Uranometria  Argentina  it  is  6". 2.  The  evening 
beiug  remarkably  clear,  there  could  be  no  mistake  in  the  ob- 
servation. 

The  next  opportunity  of  observing  the  star  occurred  on 
March  29,  when  it  was  found  at  its  normal  brightness. 
Other  observations  at  normal  brightness  followed  until  April 
11  (an  interval  of  sixteen  days),  when  the  star  was  again  ob- 


served near  minimum,  and  the  interesting  character  of  the  va- 
riations established.  Two  other  observations,  at  intervals  of 
eight  days,  were  secured  when  the  star  was  near  minimum, 
including  a  good  observation  of  the  increase  of  light  on 
April  19  aud  an  apparent  decrease  on  the  following  evening, 
when,  however,  the  star  was  low.  It  will  thus  be  seen  that 
the  period  is  some  aliquot  part  of  eight  days,  and  if  the  last 
observation  is  to  be  depended  upon  it  is  ld  3h±.  The  star 
was  not  again  observed  in  faiut  light,  the  observations  termi- 
nating on  May  1,  owing  to  its  near  approach  to  the  sunset 
horizon.  It  is  uncertain,  as  yet,  whether  the  star  has  been 
actually  observed  at  minimum  ;  the  observed  fluctuation  iu 
light  has  however  amounted  to  about  half  a  magnitude. 

As  the  star  will  not  be  visible  here  for  several  months,  I 
have  thought  it  best  to  publish  the  meager  facts  so  far  ob- 
tained, so  that  observers  more  favorably  located  may  have 
an  opportunity  of  obtaining  earlier  observations  from  which 
to  determine  the  elements.  The  comparison-stars,  together 
with  my  provisional  light-scale  used,  are  as  follows  : 
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Eq.  1875.0 


a 


Magnitude 
U.A.       Sawyer 


a  =  156  (U.A.)  Cants Majoris 

b  =  169       ••  ••         4i 

c  =  152      "  "         " 

d  =  168 

e  =  153       "  "         " 


7  15  15 
7  19  24 
7  13  33 
7  19  20 
7  13  43 


The  following  table  gives  the  light  of  the  variable  at  each 
observation.  The  letter  /*  signifies  that  the  star  was  observed 
:it  its  normal  or  maximum  brightness,  which  is  about  14.5 
or  14.8  of  the  light-scale. 

Observations. 


Cambridge  M.T. 


Light 


1887  Mar. 

24 

7.45 

a  : 

1887 

Apr 

10 

7.45 

it 

26 

10.00 

9.3 

10 

9.30 

n 

29 

8.15 

14.3* 

11 

8.15 

10.0 

30 

7.45 

14.1* 

11 

9.00 

n 

Apr. 

6 

7.45 

14.8* 

12 

7.35 

n 

7 

7.45 

14.8* 

14 

7.45 

it 

• 

9 

7.45 

/i* 

17 

7.45 

a 

Cambridge  M.T. 


Light 


—14     7.7 
—13  30.4 

—  19     3.1 
—18  46.1 

—  17  17. 8 

Cam  brid; 
1887  Apr. 


6.2 
6.4 
6.6 
6.8 
7.0 


6.25 
6.45 
6.65 
(1.70 
6.95 


;e  M.T. 

h 

7.40 


19 

1!) 
19 
19 
19 
19 
20 
20 


1.00 

8.10 
8.35 
9.15 
9.45 
8.00 
9.15 


Light 

10.5: 

10.5 

11.5 

13.2 

14.5: 

14.8: 

14.4 

11.8: 


Light 

16.1 

14.0 

10.0 

9.7 

5.0 

Cambridge  M.T. 

1887  Apr.  21 
l'2 
22 
24 
24 


May 


£.  4 

l 


h 

8.15 
8.15 
9.00 
8.00 
8.45 
7.45 
8.45 
7.55 


Light 


a 
it 

n  r. 
n 

n  : 
n 
n* 
a* 


It  is  rather  a  curious  fact  that  the  star  is  only  contained 
in  the  Uranometria  Argentina,  although  of  the  magnitude 
6.2.  As  it  is  the  first  certainly  variable  star  discovered  in 
Canis  Major  it  will  probably  be  known  as  R  Canis  Majoris. 


Cambridgeport,  1887  July  4. 


THE  NOMEXCLATUBE  OF  DOUBLE  STABS. 


I  frequently  have  requests  for  observations  of  double  stars, 
which  I  should  be  glad  to  make,  especially  in  the  case  of 
rapid  motion,  if  the  writers  would  take  the  pains  to  give  the 
position  of  the  star.  Instead  of  doing  this,  they  usually 
make  an  obscure  reference  by  means  of  symbols,  or  the 
initial  letters  of  astronomers,  which  require  considerable  in- 
genuity and  labor  to  understand.  The  symbols  ^  and  OS, 
used  to  designate  the  Struves  are  well  known,  and  the  fun- 

Naval  Observutory,  1887  July  18. 


damental  work  done  by  them  iu  this  branch  of  astronomy 
deserves  commemoration.  But  the  increase  of  symbols  has 
already  become  inconvenient,  and  must  lead  to  confusion. 
It  would  be  better,  I  think,  even  at  the  risk  of  dampening 
the  ardor  of  discoverers,  to  omit  the  introduction  of  new 
symbols  until  the  astronomer  has  found  a  pretty  large  num- 
ber of  new  double  stars. 

A.  HALL. 


COBBIGEXDA. 

No.  158.  p.  107.     Equation  (33),  the  signs  of  the  5th  and  6th  terms  should  be  inverted. 

p.  108.     Equation  (34),  the  signs  of  the  1st.  3d.  6th,  7th  aud  lOtli  terms  should  be  inverted. 
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IMPROVED   ELEMENTS   AXD   EPHEMERIS  OF   COMET   1887  e, 

By  S.  C.  CHANDLER,  Jr. 


The  ephemeris  below  is  designed  to  follow  this  comet  until 
its  disappearance.  Probably  position-measurements  will  not 
be  practicable  with  instruments  of  moderate  size  much  after 
the  middle  of  August ;  but  with  the  more  powerful  telescopes 
the  comet  ought  to  be  followed  well  into  September,  perhaps 
to  the  end. 

For  the  convenience  of  computers  and  others  desirous  of 
making  comparison  with  observations,  I  have  continued  the 
ephemeris  from  the  last  date  of  that  in  No.  157  of  the  Jour- 
nal, but  have  based  it  upon  the  following  improved  elements. 

T  =    June  16.65526  Greenw.  M.T. 
w  =     15°     7'  30".3  ) 
Q,   =   245    12    59  .3  \  Eq.  1887.0 
;■  =      17    35    22  .1  ) 
log  q  =  0.1445436 

These  elements  were  computed  from  the  normals  for  May 
14  and  May  30,  given  in  No.  157,  conjoined  with  the  follow- 


ing, also  corrected  for  parallax  and  aberration,  and  referred 
to  the  mean  equinox  1887.0. 

Obs.     Greenw.  M.T.  a  S 

h        m        9  o  i         II 

June  8-14      4     June  12.16667     16  10  16.69     — S  57  40.7 
July    12         4     July  12.65023     17  18     3.59     +6  46  54.9 

The  representation  of  the  middle  places  (C — O) 

May  30  June  12 

J/coSjJ        — 17".2  — 18".7 

d@  —  2  .3  —12  .5 

is  not  susceptible  of  improvement  by  varying  the  ratio  of 
the  distances.  Therefore  if  the  places  employed  are  correct, 
of  which  I  cannot  entirely  assure  myself  at  the  time  and 
place  of  writing,  the  orbit  will  prove  to  be  sensibly  elliptical. 
Constants  for  the  Equator,  1887.0 

x  =  ?•  [9.9830063]  sin  [349°  16' 52".  7+v] 
y  =  r  [9.9844119]  sin  [254  49  1  .7+vj 
z  =  r  [9.5800008]  sin  [303   14     9  .6-f-v] 


Ephemeris  for  Greenwich  Midnight. 


1887 

App.  a. 

Hourly 
Motion 

App.  8 

Hourly 
Motion 

log  r 

log  A 

Light 

July     9.5 

h           Dl            8 

17  11   20.26 

+5*.386 

o           1           II 

+5  56     1.5 

-4-44'.48 

0.156506 

9.702606 

1.01 

11.5 

15  37.59 

5.336 

6  29  33.4 

39.39 

13.5 

19  52.55 

5.287 

6  59     7.3 

34.50 

0.160867 

9.723873 

0.90 

15.5 

24     5.11 

5.238 

7  24  54.1 

29.95 

17.5 

28  15.37 

5.191 

7  47     6.2  . 

25.59 

0.165804 

9.745885 

0.79 

19.5 

32  23.40 

5.145 

8     5  54.3 

21.47 

21.5 

36  29.28 

5.101 

8  21  31.2 

17.62 

0.171270 

9.768426 

0.70 

23.5 

40  33.11 

5.059 

8  34     9.3 

14.02 

25.5 

44  34.96 

5.019 

8  44     1.1 

10.69 

0.177216 

9.791322 

0.61 

27.5 

48  34.90 

4.981 

8  51  19.2 

7.61 

29.5 

52  33.11 

4.942 

8  56  15.0 

4.76 

0.183591 

9.814430 

0.53 

31.5 

17  56  29.42 

4.905 

8  59     0.5 

+  2.17 

Aug.    2.5 

18     0  23.94 

4.867 

8  59  46.5 

—  0.22 

0.190346 

9.837641 

0.46 

4.5 

4  16.70 

4.832 

8  58  43.1 

2.39 

6.5 

8     7.79 

4.797 

8  56     0.1 

4.37 

0.197431 

9.860881 

0.40 

8.5 

11  57.25 

4.765 

8  51  46.6 

6.17 

10.5 

15  45.20 

4.734 

8  46  11.0 

7.78 

0.204803 

9.884102 

0.35 

12.5 

19  31.75 

4.706 

8  39  22.1 

9.23 

14.5 

23  16.97 

4.680 

8  31  27.7 

10.52 

0.212414 

9.907261 

0.30 

16.5 

27     1.03 

4.657 

8  22  34.9 

11.65 

18.5 

30  44.01 

4.636 

8  12  51.8 

12.62 

0.220226 

9.930327 

0.26 

20.5 

34  26.04 

4.616 

8     2  25.2 

13.46 

22.5 

38     7.16 

+4.598 

+7  51   21.9 

—14.16 

0.228199 

9.953259 

0.23 
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App  a 

Hourly 
Motion 

App.  6 

Hourly 
Motion 

log  r 

log  A 

Light 

Aug.  24.5 

h         in         s 

18  41   47.46 

+4*.  581 

0     1      u 
+7  39  48.2 

11 
—14.73 

26.i 5 

4  5  26.95 

4. 5  (',.". 

7  27  49.9 

15.18 

0.236301 

9.976022 

0.20 

28.5 

49     5.67 

4.549 

7   15  32.4 

15.53 

30.5 

52  43.61 

4.532 

7     3     0.7 

15.78 

0.244498 

9.998585 

0.17 

Sept.    1.5 

56  20.75 

4.516 

6  50  19.4 

15.93 

3.5 

18  59  57.13 

4.500 

6  37  32.6 

16.01 

0.2527G3 

0.020923 

0.15 

5 . 5 

19     3  32.76 

4.485 

6  24  43.9 

16.01 

7.-"' 

7     7.':i'. 

4.470 

6  11  56.7 

15.97 

0.261070 

0.043022 

0.13 

9.."> 

10  41.88 

4.456 

5  59   13.9 

15.82 

11.5 

14   15.46 

4.443 

5  46  38.6 

15.64 

0.269398 

0.064868 

0.11 

13  5 

17  28.45 

4.431 

5  34  13.6 

15.40 

15.5 

21  20.87 

4.121 

5  22     1.4 

15.10 

0.277726 

0.086446 

0.10 

17.5 

24  52.80 

4.410 

5  10     4.6 

14.76 

19.5 

28  24.23 

4.400 

4  58  25.3 

14.37 

0.286037 

0.107734 

11.0:1 

21.5 

31  55.20 

4.390 

4  47     6.0 

13.93 

23.5 

35  25.66 

4.379 

4  36     8.3 

13.17 

0.294316 

0.128710 

0.08 

25.5 

38  55.62 

4.369 

4  25  33.6 

12.97 

27.5 

42  25.07 

+4.358 

+4  15  24.1 

—12.43 

0.302552 

0.149356 

0.07 

Gloticester.  Mass.,  1887  Jvly  28 


Subsequent  to  the  preparation  of  the  foregoing  epherueris 
a  computation  of  elliptic  elements  was  made  with  the  normal 
places  of  May  14,  June  12,  and  July  12,  as  follows  : 

Elements. 

T  =  June  16.66108  Greenw.  M.T. 

w  =    15°    8'    s.; 

Q,  =  245°  13'  16.8"  [  1887.0 

i  =     17°  32'  53.4" 
log  q  =  0.1441634 
logo  =  2.5009248 

e  =  0.9956014 


The   corresponding   constants   for   the    equator   (1887.0) 
are  :  — 


X 

= 

r 

." 

= 

r 

z 

= 

r 

9.9830852 
9.9843660' 
9.5797903' 


sin  [349°  18'  2".6+f] 
sin  [254°  50'  26".l+y= 
sin  [303°    9'll".7+u 


The  corrections  to  the  previous  epherueris  necessary  to 
represent  these  later  elements  are  given  in  the  following 
table : 


Julv 


Aug. 


9.5 

—0.23 

+  4.3 

Aug. 

6.5 

+1.56 

—35.7 

Sept.    3.5 

+3.81 

11 
—71.4 

11.5 

—0.12 

+  1.6 

8.5 

1.70 

38.6 

0.0 

3.98 

73.4 

13.5 

—0.01  • 

—  1.0 

10.5 

1.84 

41.5 

7.5 

4.16 

75.3 

15.5 

+0.12 

3.7 

12.5 

1.98 

44.4 

9.5 

4.34 

77.1 

17.5 

0.24 

6.5 

14.5 

2.13 

47.3 

11.5 

4.52 

78.8 

19.5 

0.36 

9.3 

16.5 

2.28 

50.0 

13.5 

4.70 

80.3 

21.5 

0.49 

12.1 

18.5 

2.43 

52.7 

15.5 

4.89 

81.8 

23.5 

0.62 

14.9 

20.5 

2.59 

55.2 

17.5 

5.07- 

83.2 

25.5 

0.75 

17.8 

22.5 

2.76 

57.8 

19.5 

5.26 

84.5 

27.5 

I.I..N.S 

20.8 

24.5 

2.93 

60.2 

21.5 

5.45 

85.7 

29.5 

1.01 

23.8 

26.5 

3.10 

62.6 

23.5 

5.64 

86.8 

31.5 

1.14 

26.8 

28.5 

3.28 

64.9 

25.5 

5.83 

87.8 

2.5 

1.28 

29.8 

30.5 

3.46 

07. -2 

27.5 

+6.03 

—88.8 

4.5 

+1.42 

—32.8 

Sept 

.    1.5 

+3.63 

—69.3 

The  only  later  observations  to  which  I  have  access,  namely, 
those  of  Mr.  Barnard,  in  another  part  of  the  Journal,  show 
a  much  closer  accordance  with  the  ephemeris  after  applying 
these  corrections.    Thus,  for  July  26  the  differences  (O — C) 


da  =  +15.84,  J.f  =  —  31". 3,  are  reduced  to  +0'.92  and 
— 11". 9.  This  confirms  the  correctness  of  the  normal  places, 
and  strengthens  the  probability  of  the  existence  of  a  real 
deviation  from  the  parabola. 


1887  August  21. 
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DETERMINATION   OF   THE   COEFFICIENTS   OF   EXPANSION   OF   THE   GLASS 

PLATES   USED   FOR   STELLAR   PHOTOGRAPHY  AT   CORDOBA,   IN 

THE   YEARS   1872   TO   1876,   AND   1S80   TO   1883, 

By   WILLIAM   A.    ROGERS. 


The  following  determination  of  the  coefficients  of  expan- 
sion of  the  glass  plates  used  by  Dr.  Gould,  in  his  photo- 
graphic observations  at  Cordoba,  depends  upon  comparisons 
of  decimeters,  traced  upon  the  two  specimens  of  glass 
selected,  with  the  following  standards  of  length:  —  (a)  the 
first  decimeter  of  a  standard  meter  upon  Bailv's  metal ; 
(b)  the  first  decimeter  of  a  standard  meter  upon  Jessup's 
steel ;  (c)  the  first  decimeter  of  a  standard  meter  upon 
glass,  graduated  by  the  writer  for  the  Standards  Department 
of  the  British  Board  of  Trade.  Standard  (a)  is  designated 
R^ ;  standard  (6)  is  designated  R3 ;  standard  (c)  is  desig- 
nated G. 

No  special  pains  were  taken  to  make  the  transfers  to  the 
photographic  glass  very  exact,  as  the  object  was  the  deter- 
mination of  the  law  of  expansion,  rather  than  the  absolute 
length  of  the  transfers. 


Date  of  Obs. 


I-.: 


Apr. 
Mar. 


Apr. 
Mar, 
Apr. 

Mar. 


Apr. 
Mar. 
Apr. 


Mar, 


Apr. 


Mar. 
Apr. 

Mar. 

Apr. 
Mar. 


Apr. 
Mar. 


Apr 


1 

27 

27 

30 

30 
1 

31 
8 

24 

24 

24 
8 

31 

18 

6 

13 

29 
30 
15 
19 
14 
30 
28 
22 
25 
7 
29 
25 
22 
6 
29 
22 
27 
21 
17 
17 
17 


Temp. 

+15^9  F 

17.1 

17.2 

18.6 

is. 7 

1-9.1 

20.8 

22.0 

22.:; 

22.4 

21.0 

21.2 

24.9 

29.2 

30.3 
31.9 

.".2.:. 
33.0 
33.8 
34.6 
36.1 
36.4 
36.8 
36.8 
37.0 
38.3 
38.6 
39.0 
39.2 
39.3 
39.6 
40.2 
42.1 
43.4 
43.7 
46.8 
+46.8  F 


R»-(i) 

+27.:;  div. 
30.0 
29.6 
38.0 
41.1 
35.2 
35.8 
36.1 
38.2 
34.0 
35.8 
34.3 
38.9 
41.4 
39.2 

18.0 
31.9 

43.9 

42.8 
44.5 

44.5 

49.1 

44.5 

44.6 

43.2 

44.9 

•"■1.7 

48.8 

49.1 

40.5 

48.5 

41.5 

51.8 

52.3 

42.8 

54.8 
+58.1 


li-(l) 

+61.2  div. 
58.8 
59.3 
59.8 
56.3 
61.1 
66.0 
62.1 
60.9 
57.8 
58.5 
66.1 
64.4 
60.7 
60.9 
62.8 
55.6 
64.7 


65. 
59. 

.V.i. 

65. 
93. 
58. 


div. 


.2 

.6 

.1 

.7 

.4 

.5 
61.6 
59.1 
66.1 
65.0 
66.7 
56.1 
61.7 
59.8 
63.4 
66.9 
59.1 
64.2 
+68.3  div 


The  observations,  which  are  sixty  in  number,  extend  from 
March  17  to  July  10,  of  the  current  year.  By  an  observa- 
tion is  to  be  understood  a  comparison,  consisting  of  eight 
readings,  between  the  two  decimeters  upon  the  photographic 
glass  and  the  decimeters  R-, ,  R3  and  G. 

The  values  R.,— (1),  R3— (1),  aud  G— (1)  represent  the 
differences  in  length  between  R,,,  R3,  G,  and  the  decimeter 
upon  the  glass  used  between  the  years  1*72  and  1876.  The 
values  Rj — (2),  R3 — (2),  and  G — (2)  represent  the  differ- 
ences in  length  between  R„.  R;.  G  and  the  decimeter  upon 
the  glass  used  during  the  years  1880  and  1883.  These  dif- 
ferences are  expressed  in  terms  of  divisions  of  the  microm- 
eter employed.  One  division  of  this  micrometer  =  0.567,u. 
The  following  results  of  direct  comparisons  are  arranged  in 
the  order  of  temperatures. 


G-(l) 

+  16.1  div. 
45.0 
16.4 
50.0 
46.0 
45.0 

48.2 

18.0 
16.5 
15.4 
43.5 
51.0 
19.0 
44.9 
to.O 
43.6 
41.8 
44.5 
49. 

i:;. 

46. 

47. 
51. 
4  -1 . 7 
13.8 

12.4 
44.0 
44.0 
41.7 
46.9 
43.0 
41.3 
49.4 
42.6 
13. s 
43.3 
+48.3  div. 


.1 
.7 
.5 
.6 
.1 


R2-(2) 

+5.1  div 
10.6 
13.6 

4.7 
10.9 
10.4 
11.1 

9.2 
17.2 
15.2 
15.1 

6.5 
13.0 
18.7 
18.2 
2  7..". 

9.6 
20.8 
15.6 
23.5 
25.0 
24.1 
20.3 
23.7 
20.5 
24.7 
20.8 
21.7 
20.5 
18.1 
24.2 
26.0 
2:;.  7 
26.6 

19.6 

28.2 

+38.2 


div. 


R.-C2) 

+40.1  div, 
36.0 
:;:;.:; 
33.5 
29.1 
36.3 
41.3 
36.2 
39.9 
39.0 
37.8 
38.3 
38.5 
38.0 
39.9 
42.3 
33.3 
41.6 
36.3 
38.6 
39.9 
42.3 
39.2 
37.6 
3s.:i 
88.9 
35.3 
38.9 
38.1 
34.2 
37.4 
39.3 
35.3 
40.8 
35.7 
37.6 
+48.4 


div. 


G-(2) 

+25.0  div. 
21.0 
21.4 
16.7 
15.8 
22.0 
23.^ 
21.1' 
25.8 
26.3 
22.7 
23.2 
2. "..5 
22.2 
24.9 
23.1 
19.5 
21.4 
22.9 
22.7 
27.0 
22.6 
27.2 
22.8 
21.1 
22.2 
15.9 
22.0 
13.1 
24.5 
20.0 
21.2 
21.3 
16.5 
16.4 
18.7 
+28.4  div. 
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Date  of  Obs. 


1887  Mar, 


May 
July 


23 

20 

20 

20 

17 

23 

28 

23 

23 

23 

25 

25 

10 

10 

9 

9 

8 

8 

8 

8 

8 


Temp. 

+47^8  F 

47.8 

48.0 

48.6 

48.9 

49.9 

50.7 

60.3 

62.1 

66.2 

72.1 

72.1 

73.4 

73.4 

75.7 

75.7 

81.2 

81.2 

81.6 

82.0 

82.2 

82.3 
+82.3  F 


+40.0  div. 

63.1 

59.1 

55.8 

60.6 

44.5 

62.0 

73.8 

68.2 

72.5 

82.0 

82.9 

75.5 

77.5 

80.3 

80.2 

92.0 

83.7 

89.6 

89.7 

87.7 

87.9 
+86.4  div. 


R3-(l) 


+63. 
7-2. 


6  div. 


1 


i  z 
65 
67 
69 
59.0 
63.6 
74.0 
61.3 
68.3 
72.3 
69.8 
71.1 
72.7 
70.5 
70.4 
81 
74 
78 
72 
74 
74 
+74 


div. 


The  following  equations  of  condition  are  formed  by  the 
substitution  of  the  observed  data  in  the  equation 

A  =  a  +(62°.0— T)  6 
in  which 

A  =  the  observed  relations  R;, — (1),  R-j — (1),  etc. 
a  =  the  difference  in  length  between  the  decimeters  upon  the 
photographic  glass  and  those  upon  the  standards  R,,  R3, 
and  G. 
6  =  the  relative  coefficients  of  expansion  between  R.,,  R3, 
and  G  and  the  photographic    glass,  for  each   degree 
Fahrenheit. 
Each  equation  results  from  the  mean  of  ten  comparisons. 
The  values  of  the  unknown  quantities,  a  and  6,  having  been 
obtained  from  the  solution  by  least  squares,  the  value  of  a 
for  each  equation  was  obtained  by  the  substitution  of  the 
derived  value  of  b.     The  several  values  of  a,  thus  computed, 
are  written  at  the  right  of  the  equations,  and  the  agreement 
of  their  mean  with  the  value  derived  from  the  normal  equa- 
tions furnishes  a  complete  check  upon  the  accuracy  of  the 
solution.     The  agreement  inter  se   furnishes  a  test  of  the 
magnitude  of  the  probable  errors  of  observation. 


R*-(i) 

(62-. 0— T) 

a  at  62c.O 

+34.5  div. 

= 

a 

+42.59  6 

+71.6  div 

40.1 

— 

a 

32.166 

68.1 

46.1 

= 

a 

24.25  6 

67.2 

51.2 

= 

a 

17.38  6 

66.3 

67.8 

= 

a 

+  1.57  6 

69.2 

+85.5 

= 

a 

—17.766 

+70.0 
Mean  68.75 

Normal  Equations. 

+325.2=  6  a +100.19  6 

+3354.6  =  100.19  a  +4056.3  b 

6  =  —0.871  div.  =  —0.494/i 
a  =  +68.75  div. 


G-(l) 

+47.8  div. 

52.7 

43.8 

45.2 

44.6 

43.6 

49.2 

51.7 

46.0 

47.1 

46.4 

52.0 

48.0 

48.2 

44.7 

42.9 

55.5 

48.5 

53.0 

47.7 

44.0 

43.5 
+49.8  div. 


lV-(2) 

+14.6  div. 

29.0 

34.3 

28.2 

30.4 

33.2 

38.2 

48.9 

42.0 

46.2 

60.6 

58.0 

54.4 

57.6 

62.1 

62.8 

64.4 

63.1 

62.7 

64.3 

63.7 

72.3 
+67.2  div. 


R3-(2) 


+38.2 
38.0 
41.2 
40.0 
38.9 
37.1 
39.8 
49.1 
35.1 
42.0 
51.1 
44.9 
49.5 
52.8 
52.3 
53.0 
53.6 
53.5 
51.7 
67.8 
70.5 
58.6 

+55.2 


div. 


div. 


R*—  (i; 

+60.3  div.  = 

61.8  = 

62.3  = 

64.5  = 

67.6  = 
+74.4  = 


(«2°.0— T) 
a   +42.59  6 
32.16  6 
24.25  6 
17.386 
+  1.57  6 
—17.76  6 


G-(2) 

+21.4  div. 

18.6 

19.9 

17.6 

20.4 

17.8 

25.2 

26.8 

19.6 

21.8 

25.2 

27.1 

26.8 

28.3 

26.5 

25.5 

27.9 

27.9 

26.1 

22.3 

20.0 

31.9 
+30.6  div. 

a  at  62°.0 
+70.2  div. 

69.3 

68. 

68.6 

68.0 
+70.3 

Mean  69.1 


Normal  Equations. 
+390.9=  6  a +100.19  6 

+5972.1  =  100.19  a  +4056.3  6 

6  =  —0.233  div.  =  —0.132/1 
a  =  +69.1  div. 


G-(l) 

(62°.0— T) 

a  at  62°.0 

+46.7  div. 

=  a   +42.59  6 

+47.4  div 

15.7 

=   a       32.166 

46.2 

45.2 

=    a        24.25  6 

45.6 

45.6 

=    a        17.386 

45.9 

47.4 

=    a   +  1.576 

47.4 

+47.8 

=    a   — 17.76  6 

+47.5 
Mean  46.7 

Normal  Equations. 
+278.4=  6  a +100.19  6 

+4582.9  =  100.19  a  +4056.3  6 

6  =  —0.028  div.  =  —0.016 /x 
a  =  +46.7  div. 


R.-(2J 

(62°.0— T) 

a  at  65 

+10.8  div. 

r= 

a 

+42.59  6 

+49.2  div 

16.8 

— 

a 

.52.16  6 

- 

21.9 

— 

a 

24.20  6 

1.-..7 

26.4 

— 

a 

17.386 

42.1 

14.ii 

= 

a 

+  1.576 

4  ."> .  ."• 

+64.0 

= 

a 

—17.766 

+48.0 
Meau  45.7 
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Normal  Equations. 
+183.9=  6a +100.196 

+922.2=  100.19  a  +4056.3  6 

b  =  —0.902  div.  =  —  0.511  /t 

a  =  +45.7  div. 


Rs-(2) 

(62r.O— T) 

a  at  G2°.0 

+36.5  div. 

=   a   +42.59  6 

+53.9  div 

38.5 

=    a        32.16  6 

51.6 

38.3 

=    a        24.25  6 

48.2 

39  2 

=    a        17.38  6 

46.3 

42.7 

=    a   +  1.576 

43.3 

+54.9 

=   a    — 17.76  6 

+47.6 

Mean 

+48.5 

Normal  Equations. 
+250.1  =  6o  +100.19  6 

+3494.9  =  100.19  a  +4056.3  6 

6  =  —0.286  div.  =  —0.162, a 
a  =  +48.5  div. 


G-(2) 

(62°.0— T) 

a  at  62°.0 

+21.9  div. 

= 

a 

+42.59  6 

+24.9  div 

22.8 

— 

a 

32.16  6 

25.1 

21.8 

— 

a 

24.25  6 

23.5 

20.2 

— 

a 

17.38  6 

21.4 

22.8 

= 

a 

+  1.57  6 

22.9 

+26.7 

— - 

a 

—17.766 

Bleai 

+25.4 
i  +23.9 

Normal  Equations. 
+136.2=  6  o  +100.19  6 

+2170.0  =  100.19  a  +4056.3  6 

6  =  —0.070  div.  =  —0.041   • 
a  =  +23.9  div. 

The  following  values  have  been  adopted  *  for  the  absolute 
coefficients  of  expansion  of  R-,  R3,  and  G : 

*  See  Proceedi7igs  of  the  American  Academy  of  Arts  and  Sciences 
for  1882,  page  385,  and  Proceedings  of  the  American  Microscopical 
Society  for  1885,  page  157. 

Colby  University,  Waterville,  Me.,  1877  July  14. 


Coefficient  of  R;  for  one  decimeter  =  0.954/1 

"  R-S      "  "         =0.570, a 

"  "  G       "  "         =0.447/1 


We  have  therefore : 


Coefficient  of  (1) 
From  R.,  =  0.460  fi 
R3=  0.438/1 
G  =  0.431  pt 


Coefficient  of  (2) 
0.443.U 
0.408/1 
0.406/1 


At  the  time  when  these  comparisons  were  made,  the  writer 
was  engaged  in  a  long  series  of  observations,  which  have 
resulted  in  the  establishment  of  the  invariability  of  the  co- 
efficients of  expansion  of  Baily's  metal,  of  Jessup's  steel  and 
of  Chance  &  Son's  glass,  between  the  limits  of  — 3°  and 
+93°  Fahrenheit.  It  was  found  to  be  essential  that  all  the 
observations  of  this  series  should  be  made  at  the  critical 
point  of  time  in  the  day.  when  the  bars  of  metal  aud  the  sur- 
rounding air  were  of  the  same  temperature.  This  critical 
point  of  quiescence  was  found  to  occur  on  clear  days  about 
half  an  hour  after  sunrise,  and  on  cloudy  days  at  a  consider- 
ably later  time. 

On  account  of  the  exigencies  of  this  extended  investiga- 
tion, it  was  found  to  be  necessary  to  depart  from  the  plan  of 
obtaining  an  equal  number  of  comparisons  at  equal  distances 
in  time  from  the  critical  point  of  no  variation  in  temperature, 
in  the  series  of  observations  here  recorded.  One-third  weight 
will,  therefore,  be  given  to  the  value  of  the  coefficients  de- 
rived from  comparisons  with  R.,. 

We  have,  finally,  for  the  absolute  coefficients  of  the  speci- 
mens of  photographic  glass,  for  each  degree  Fahrenheit,  and 
for  the  length  of  one  decimeter : 

Coefficient  of  (1)  =  0.438  ,u 
"   (2)  =  0.412/1. 


VARIABILITY    OF    DM.  3° ,766, 

By    LEWIS    BOSS. 


The  star  DM.  3°, 766  appears  to  be  variable.  Its  magni- 
tude is  given  as  9M.2  in  the  DM.,  and  it  was  twice  observed 
by  Argelander  with  the  Bonn  meridian-circle  (Bonner 
Beob.,  Bd.  VI.),  where  its  magnitude  is  also  given  as  9.2. 
It  was  looked  for  in  vain  with  the  Albany  meridian-circle 
during  the  winter  months  of  1880-1,  and  in  1881-2,  with 
especial  care,  when  DM.  3°,7C4  (9*.5)  was  easily  observed. 
With  13-inch  equatorial  of  this  observatory,  a  search  was 
made  August  13.7  of  this  year,  and  a  star,  estimated  to  be 
of  the  magnitude  11.5,  was  found,  which  had  the  following 

Dudley  Observatory,  1887  August  15. 


position  by  a  rough  comparison  with  DM.  3°, 764  (Albany 
A.  G.  Zone)  : 

1875.0  :  a  =  4h  59m  28s.27  ;  6  =  3°  55'  48".0 

This  agrees  with  the  Bonn  position  of  DM.  3°, 766  within 
0s. 45  and  3". 2  respectively,  and  leaves  no  doubt  of  the  iden- 
tification. It  appears,  therefore,  that  this  star  belongs  either 
to  the  class  of  "  temporaries,"  or  that  it  is  a  variable  of  long 
period. 
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RIXG-MICROMETER   OBSERVATIONS   OF   COMET   1887  e  {Barnard,  May  12) 


MADE   AT   THE    VANDERBILT   UNIVERSITY   OBSERVATORY 

By  E.  E.  BARNARD. 

18S7    Nashville  M.T. 

* 

No. 
Comp. 

-* 

^8 

&/'■&  apparent 
a 

8 

d           h        m       s 

111          s 

i     n 

i 

in       a 

O 

i    a 

July    8     10  36  53 

1 

4 

—4  57.05 

+  2  13.9 

9       9  17  45 

2 

3 

■4-3  24.01 

+   1   22.0 

9       9  57  21 

3 

1 

-4-4   19.31 

—12  36.8 

17 

11  40.31 

+5 

58  34.7 

9     10  14   18 

4* 

4 

—1   41.24 

—13  41.1 

17 

11  41.16 

5 

58  35.1 

9     10  19  57 

5 

3 

+0  19.15 

+  0  16.6 

17 

11  42.80 

5 

58  49.5 

11      12  00  22 

6 

6  ,  7 

+0  48.24 

—  0     5.4 

17 

16     8.40 

6 

33     3.0 

13     10  21  38 

7 

6 

—7  52.18 

—14  27.5 

17 

20  14.68 

7 

1   12.9 

13     10  21  38 

8 

6 

—5     2.23 

—18     2.0 

14     10  31  31 

9 

10  ,  11 

—5  44.89 

—  1     7.2 

17 

22  21.96 

7 

14  33.4 

15       9  59  14 

10 

8 

+3  31.43 

—15  26.3 

17 

24  25.21 

7 

26  26.2 

16     11     0  47 

11 

14  ,  12 

+0  18.20 

—  0  42.0 

19       9  41  39 

12 

6 

—1  49.32 

-4-14  43.2 

17 

32  42.39 

8 

6  44.2 

20     10     6  15 

13 

4 

—1   40.67 

—  1  48.1 

26     13     3  18 

14 

8,  7 

+1   28.90 

+14  26.5 

17 

47  10.15 

+8 

48  20.1 

Aug.  10       9  36  55 

15 

9  ,  6 

+0  26.40 

-4-  9   14.7 

11       9  37  44 

15 

8  ,  10 

-j-2  18.82 

+  6  51.5 

Mean  Places  for  1887.0  of  Comparison- Sims. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

o         1 

n 

II 

1 

17   14  25 

+2.13 

+5  43 

+  9.4 

8M  ;  equatorial 

2 

17     8  11 

2.08 

5  56 

9.1 

8M  ;  approximate 

3 

17     7   18.9 

2.10 

6  11 

2.1 

9.4 

Grant  (Glasgow  Catalogue)  4241 

4 

17   13  21.3 

2.12 

6   12 

16.5 

9.5 

Grant  4259 

5 

17   11   21.5 

2.12 

5  58 

23.3 

9.6 

3  ring-micrometer  comp.s  with  Grant  4259 

6 

17  15   18.0 

2.11 

6  32 

58.5 

9.9 

Grant  4271 

7 

17  28     4.7 

2.13 

7  15 

29.8 

10.6 

Giant  4327 

8 

17  30  54 

2.13 

7  19 

10.7 

Approximate 

9 

17  28     4.7 

2.12 

7   15 

29.8 

10.8 

Grant  4327.     Same  star  as  no.  7 

10 

17  20  51.7 

2.11 

7  41 

41.6 

10.9 

Yarnall  7247 

11 

17  26  14 

2.11 

7  39 

11.2 

9M  ;  approximate  middle  of  three  9M  stars 

12 

17  34  29.6 

2.14 

7  51 

49.2 

11.8 

Grant  4351 

13 

17  36  24 

2.15 

.8   17 

12.0 

8^M  ;  approximate 

14 

17  45  39.1 

2.12 

8  33 

40.5 

13.1 

Grant  4405 

15 

18   15  39 

+2.13 

+8  35 

+14.4 

8M  ;   equatorial 

*The  tabulated  annual  precession  in  R.A.  for  this  star  in  the  Glas- 
gow Catalogue  is  Is  too  great. 

The  comet  has  been  difficult  to  observe.    When  possible,  the  small 

Vanderbilt  Uuirersitij  Observatory,  1887  August  12. 


star-like  nucleus  (latterly  in  n.  part  of  the  nebulosity)  was  ob- 
served, otherwise  the  brightest  part.  The  comet  has  presented  a 
faint,  fan-shaped  tail  in  these  observations. 


THE 

The  following  observations  of  these  meteors  were  made 
by  my  sous  from  the  roof  of  my  house  in  Georgetown  : 

August  10th.  The  sky  partly  cloudy;  watched  from  8h 
30m  until  9h  30'",  and  counted  eighl  meteors. 

Angelo  Hall  and  Pekcival  Hall. 

August  11  th.  Some  clouds,  and  rain  later  in  the  night: 
watched  from  8*  30™  until  9h  30'",  and  counted  nine  meteors. 
The  same  observers  as  on  the  10th. 

August  12th.  Partly  cloudy;  watched  from  8"  10'"  until 
9h  45m,  seven  meteors.  Angelo  Hall. 

Washington,   1887  August  16. 


PERSEIDS, 


1887. 

August  13th. 


A  fine,  clear  night ;  watched  from  8h  10" 


until  10h,  and  counted  twelve  meteors. 


Angelo  Hall. 


About  half  of  these  meteors  were  bright,  and  left  trails  of 
light  behind  them.  One  that  appeared  on  August  loth,  at 
8h  50'",  exploded  in  a  flame  as  bright  as  Verms.  Most  of 
the  meteors  moved  slowly. 

It  was  cloudy  on  August  14th  and  15th. 


A.  Hall. 
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THE   VARIABLE   STAR   £  GEMINOBUM. 


By  Wm.   MAXWELL   KEED. 


The  following  times  of  maximum  ami  minimum  have  been 
determined  from  a  series  of  thirty-seven  observations  during 
the  current  year.  They  are,  to  a  certain  extent,  provisional, 
since  a  longer  series  of  observations  will  be  required  to  de- 
termine with  accuracy  the  mean  light-curve. 

Iu  the  column  headed  O  —  C,  is  given  the  comparison  of 
these  observations  with  Schonfeld's  elements  of  this  star  iu 
his  Zweiter  Catalog.  The  mean  by  weights  of  the  residuals 
indicates  a  correction  of  — ld.52  to  the  time  of  the  maximum 
epoch,  which,  combined  with  Schonfeld's  epoch,  gives  the 
correction  to  the  period  as  — lm.8. 

If  these  observations  are  correct,  it  would  appear  that  the 
period,  which  Argelander  found  to  be  increasing  up  to  about 
1850,  and  afterwards  to  be  stationary,  is  now  decreasing. 
This,  however,  cannot  be  considered  as  certain,  until  verified 
by  future  observations. 

The  light  changes  at  the  minimum  very  gradually,  remain- 
ing almost  stationary  for  about  a  day. 

Cambridge,  1887  July  2. 


Observed  Maxi 

MA. 

Cambr.  M.T. 

d 

W-t. 

o— c 

d 

848 

1887  Feb.   10.06 

2 

—2.43 

849 

IS. 52 

1 

—4.08 

x;,ii 

Mar.     1.70 

1 

—3.05 

851 

15.36 

1 

+0.45 

852 

24.71 

3 

—0.35 

853 

Apr.    3.36 

1 

—0.86 

854 

12.59 

2 

—1.78 

856 

May     2.17 

1 

—2.51 

857 

14.62 

1 

—0.22 

Observed  Minima. 

Cumin-.  M.T. 

,1 

wt. 

o— c 

d 

848 

1887  Feb.   16.73 

4 

—0.71 

849 

26.72 

4 

—0.88 

850 

Mar.  10.29 

1 

+0.53 

851 

19.40 

2 

—0.51 

852 

24.70 

2 

—5.36 

853 

Apr.     8.71 

3 

—0.51 

854 

18.35 

1 

—  1.02 

855 

28.74 

1 

—  0.79 

856 

May     9.04 

3 

—0.65 

COMET   1887/. 


A  circular  from  Mr.  Ritchie,  of  the  Science  Observer, 
announced  to  astronomers,  August  26,  the  discovery  of  a 
comet  by  Brooks,  early  in  the  morning  of  the  preceding  day. 
The  position,  as  given  by  the  discoverer,  was 

Aug.  24.8703  Gr.  M.T.     «=128°15',     5  =  +28°59' 


Mr.  Egbert,  at  the- Dudley  Observatory  in  Albany,  from 
his  own  observations  of  August  26,  27  and  28,  deduced 
approximate  elements,  which  he  transmitted  August  29,  call- 
ing attention  to  their  resemblance  to  those  of  Olbers's  comet 
of  1815,  and  to  the  near  accordance  of  the  geocentric  path 
to  that  given  in  Ginzel's  sweeping-ephemeris. 


RING-MICROMETER   OBSERVATIONS   OF   COMET   1887/   (Brooks), 


MADE   AT   THE  VANDERBILT  UNIVERSITY  OBSERVATORY, 

By   E.   E.    BARNARD. 


1887    Nashville  M.T. 

* 

No. 
Comp. 

^a 

-* 

#'sa] 
a 

^parent 

8 

d        h        m       s 

August  27  16     9  29 
28  16  23  52 

1 
1 

8 
4 

•             m        b 

—1     2.44 
+3  15.07 

+2  54.2 
+6  59.3 

h         in        s 

8  44  16.9 
8  48  34.4 

o      r       » 
+29  36  12.3 
+29  40  17.3 

Mean  Place  for  1887.0  of  Comjiarison-Star. 


* 

a 

Red.  to                        o 
app.  place                     ° 

Red.  to 
app.  place 

Authority 

1 

h        in         ■ 

8  45   19.24 

+0.07          +29  33   25.9 

— 7.8      |\Veisse's  Bessel,  VIII.  1077 
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FILAR-MICROMETER   OBSERVATIONS   OF   COMET  1887/  (Brooks), 

MADE  AT  THE  DUDLEY  OBSERVATORY, 

By  H.  V.  EGBEKT. 


1-7    Albany  M.T. 

* 

No. 
Comp. 

da 

* 

,j8 

&?"s  apparent 
a                            8 

log 

for  a 

PA 

ford 

Aus.  26 
27 
28 
29 
30 

h        m      s 

16     7  29 
16     1  48 
15  51     0 
15  49     4 
15  44  51 

1 
1 
2 
3 
3 

3 
4 
5 
6 
6 

111            8 

—5  28.15 

—1   12.58 
—1  55.78 
-3  12.72 
+1     8.88 

—3     6.4 
+2  46.5 
+2  39.6 
—2  31.7 
+2     5.6 

h        m       8 

8  39  51.22 
8  44     6.82 
8  48  22.09 
8  52  41.22 
8  57     2.84 

0           f           '1 

+29  3D  11.2 
+29  36     4.0 
+29  41   24.1 
+29  46  29.5 
+29  51     6.7 

>i9.698 
?t9.697 
«9.696 
n9.696 
«9.694 

0.702 
0.735 
0.747 
0.749 
0.754 

Mean   Places 

for  1887.0  of  Compa 

rison-Stars. 

* 

a 

Keel,  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 
1 
2 
3 
3 

h       in         s 

8  45   19.32 
8  45  19.32 
8  50  17.78 
8  55  53.86 
8  55  53.86 

-0.05 
-0.08 
-0.09 
-0.08 
-0.10 

o         1        II 

+29  33  25.3 
+29  33  25.3 
+29  38  52.3 
+29  49     9.0 
+29  49     9.0 

it 

—7.7 
—7.8 
—  7.8 
—7.8 
—7.9 

Weisse's  Bessel,  VIII.  1077 
Weisse's  Bessel.  VIII.  1077 
Argelander,  B.B.  VI.  29°  1847 
Leiden  Zones,  12,162 
Leideu  Zones,  12,162 

ELEMENTS  AND  EPHEMERIS  OF  COMET   1887/   (Brooks), 

By  H.  V.  EGBERT. 
From  the  Albany  observations  of  August  26,  28  and  30,  I  log  r 

have  derived  the  following  elements  :  SeDt 


Sept. 


Elements. 

T  =  1887  Oct.  6.480  Gr.  M.T. 

co  =  63°  18'  ") 

Q,   =  84    33   V  App.  Eq. 

i  =  44     10  ) 

log  q  —  0.08719 

J),  cos  0  =  — 0'.05 
C~°            J?           —  —0 .07 

Ephemeris  for  Greenwich  Midnight. 

log  r             log  A 

h         m                     o         1 

Light 

■      9     9         +30     2         0.1239         0.3168 

1.14 

9  27             30  11         0.1164         0.3093 

1.21 

9  46         +30  13         0.1096         0.3025 

1.29 

Dudley  Observatory,  1887  August  31. 


log  A 


Light 


14 

h         m 

10  05 

+30  05 

0.1036 

0.2964 

1.37 

18 

10  25 

29  49 

0.0983 

0.2912 

1.44 

22 

10  44 

+29  23 

0.0939 

0.2868 

1.49 

The  computation  of  a  preliminary  orbit  on  August  29  gave 
elements  which  were  of  sufficient  accuracy  to  establish  the 
identity  of  this  comet  with  Olbers's  of  1815.  For  the  sake 
of  comparison,  I  add  the  elements  of  the  Olbers  comet  as 
given  by  Ginzel. 

T  —  1886  Dec.  16.93  Ber.  M.T. 
Q,  —    84°31'.4") 

=   44    33.6  5-M.  Eq.  1887.0 
=  149  48.7) 


i 
n 


logg  (1815.0)   =  0.08380 
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1869 

July     3 

6.7 

Paris  Obs. 

Merid.  Cir. 

1870 

June  29 

Paris  Obs. 

Mural  Cir. 

1870 

July  23 

Heis 

1870 

6 

Rojers 

Merid.  Cir. 

1878 

July     7 

6.7 

Rogers 

Merid.  Cir. 

ls:,s 

July  10 

5.9 

Rogers 

Merid.  Cir. 

1878 

July  13 

6.2 

Rogers 

Merid.  Cir. 

1878 

July  16 

6.8 

Rogers 

Merid.  Cir. 

1878 

July  23 

6.3 

LXTESTIGATIOX   OF   THE   LIGHT  -  TAEIATIOXS  OF    U  OPHIUCHL 

By  S.  C.  CHANDLER,  Jr. 

A  peculiar  interest  attaches  to  this  star,  its  period  being 
the  shortest,  and  its  light-fluctuations  the  most  rapid,  of  the 
known  yariables.  Its  history  is  briefly  as  follows.  In  a 
note  to  Si  h.iellerup's  catalogue  (p.  237)  a  suggestion  of 
variability  is  based  upon  the  diversity  in  the  catalogue-mag- 
nitudes of  various  authorities.  The  actual  discovery  of 
variability  was.  however,  made  at  Cordoba  during  the  work 
upon  the  Uranometria  Argentina.  Dr.  Gould  states  that 
the  observations  indicate  an  oscillation  of  the  magnitude 
from  6.0  to  6.5,  but  exhibiting  no  regular  law  (  U.A.  p. 306). 
In  1881,  Mr.  Sawyer's  observations  established  the  real 
character  of  the  variations,  which  is  that  pertaining  to  the 
variables  of  the  Algol  type  :  but  the  period  assigned  was 
about  five  and  a  quarter  days,  consisting  of  a  light-decrease, 
occupying  eight  hours  ;  a  stationary  light  at  minimum  during 
about  four  hours ;  a  light-increase  of  eight  hours  :  and  a 
stationary  maximum  brilliancy  during  the  remainder  of  the 
period  (Set.  Obs..  III..  96  :  A.X..  CI..  187).  Early  in  the 
followiug  year,  however.  I  found  that  the  true  period  was 
only  20h  7m  41s. 6,  and  that  the  whole  variation  was  confined 
to  an  interval  of  about  four  and  one-half  hours  (Sci.  Obs., 
IV..  11  ;  A.X..  C  II..  371).  Later,  from  two  years'  obser- 
vations, and  a  careful  discussion  of  all  the  available  material, 
I  could  find  no  sensible  correction  to  my  first  elements,  but 
there  appeared  to  be  evidence  of  anomalies,  both  iu  the 
period  and  in  the  light-curve  (A.X..  CVIIL.  55).  The 
results  of  this  unpublished  investigation  are  here  commun- 
icated, with  the  addition  of  more  recent  observations. 

Before  treating  of  the  regular  series  of  observations  made 
upon  the  variable  as  such,  let  us  collect  and  examine  the 
following  earlier  sporadic  estimates  of  magnitude. 


Authority. 


Lalande 

Bremiker 

Bessel 

Lamont 

Lainont 

Schonfeld 

Schonfeld 

Paris  Obs. 

Paris  Obs. 


31392 
Notes  to  Berl.  Chart 
W.  XVII.  143 
Z.  101 
Z.  102 
DM.  1°,3408 
DM.  T.3408 
Transit  Inst. 
Mural  Cir. 


1797 

1822 
1841 
1841 
1853 
1854 
1857 
1857 


Date. 
May 


24 


July  4 
June  25 
June  26 
June  27 
May  26 
July  25 
July  25 


Mag. 
6 
8 
7 
7 
8 
5 
6 
6 
6.7 


Besides  these  there  are  a  few  photometric  observations  by 
Pritchard,  and  iu  Vol.  XIV  of  the  Harvard  Observatory 
Annals,  and  a  few  estimates  by  Espix  ;  but  all  of  these  have 
proved  unserviceable,  on  account  of  their  inferior  order  of 
accuracy. 

Of  the  data  in  the  above  list  I  have  intimately  examined 
Bessel's  and  Lamoxt's  zones,  in  the  same  way  as  is  here- 
after shown  in  the  case  of  Schjellerup,  with  the  conclusion 
that  no  definite  result  can  be  expected  from  them.  On  the 
two  nights  of  Schonfeld's  estimates  for  the  DM.,  the  star 
1  ,3411,  which  is  g  of  my  list  of  comparison-stars,  was 
called  P'.O  and  1M.5,  respectively,  fainter  than  the  variable; 
which  tends  to  indicate  that  on  both  occasions  the  latter  may 
have  been  at  maximum  brilliancy.  The  Bonn  mean  times 
(heliocentric)  of  these  observations  are  1853  June  27d  10h 
53m.4,  and  1854  May  26d  12h  58m.8. 

Dr.  Gould  has  kindly  furnished  me  with  the  original  esti- 
mates in  1858  and  1859,  for  his  Albany  Catalogue.  These 
were  made  in  the  same  manner  as  the  estimates  for  the  Ura- 
nometria Argentina,  and  are  therefore  entitled  to  the  same 
high  weight.  Unfortunately  the  record  does  not  supply  the 
exact  hour  of  the  observations,  which  can  therefore  only  be 
assumed,  together  with  the  limits  of  probable  uncertainty, 
as  follows : 


Original  Record. 


Assumed  probable 


Est.  Mag. 
6.2 
6.0 
6.2 
6.0 


Date. 

Albany  M.T. 

Limit. 

1858  Sept. 

13 

8b 

±lh 

1859  Mar. 

9 

l.H 

±21 

"     May 

24 

m 

±3i 

"     June 

6 

10 

±2 
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The  estimated  magnitudes  very  certainly  indicate  that  the 
star  could  not  have  been  at  or  near  minimum  on  either  of  the 
above  occasions. 

The  information  afforded  by  these  data  will  in  future  be 
of  great  value,  but  cannot  at  present  be  fully  utilized. 

The  most  promising  estimate  in  the  foregoing  table  is  that 
of  Schjeelerup.  This  should  be  carefully  weighed  on  ac- 
count of  it:-  leverage  of  nearly  eight  thousand  periods  from 
the  principal  epoch.  There  were  observed  at  Copenhagen, 
1863  June  9,  seventy-two  stars.  Of  these  Sehjellerup  6531 
is  a  component  of  the  binary  70  p  Ophiuchi,  and  Sehjellerup 
6925  is  a  faint  star  only  3'  from  a  fifth  magnitude.  The  esti- 
mates of  their  magnitudes,  both  at  Bonn  and  Copenhagen, 
must  obviously  be  very  uncertain,  and  were  therefore  ex- 
cluded. For  the  others,  the  comparison  of  the  Schjel- 
lerup  and  DM.  magnitudes  is  given  at  the  left  hand  of  the 
table  below,  where  the  deficiency  of  stars  of  the  brighter 
class  has  been  eked  out  by  stars  observed  at  Copenhagen  in 
the  same  region,  on  other  nights.  These  are  inclosed  in 
parentheses. 


Schj. 

SI 

9.5 
9.0 

8.7 
8.5 
8.3 
8.0 

7.7 


DM. 

M 

9.20 
8.71 
8.43 
8.19 
8.13 
7.73 
7.00 


No.       Obs. 


Schj.  —  DM. 


5 
27 
10 

7 

3 
10 

3 


+  0.30 
0.29 
0.27 
0.31 
0.17 
0.27 

+  0.70 


Assumed 

M 

+  0.20 
.30 
.30 

.30 

.40 

.40 

+  0.40 


Diff. 

M 

±0.0 
0.1 
0.2 
0.3 
0.4 
0.5 

±0.6 


No. 

7 
9 

13 

14 

11 

7 

2 


Schj. 

DM. 

No. 

Schj 

Obs. 

.  —  DM. 
Assumed 

Diff. 

No 

M 

(7.5 

M 

7.0 

1) 

M 

+  0.50 

+  0*50 

M 

±0.7 

3 

7.0 

6.55 

o 

(1.15 

.50 

0.8 

2 

(7.0 

6.50 

5) 

(1.51) 

.50 

0.9 

1 

(6.5 

6.20 

2) 

0.30 

.40 

1.0} 

to  y 

(6.0 

5.73 

3) 

+0.27 

+  0.30 

0 

5.0 

5.0 

1 

0.00 

.00 

1.7$ 

4.0 

4.0 

1 

0.00 

0.00 

±1.8 

va 

Applying  the  well  marked  systematic  differences  to  Schjel- 
lerup's  magnitudes,  and  classifying  the  differences  of  the 
corrected  estimates  from  those  of  the  DM.  in  order  of  the 
residuals,  we  have  the  results  in  the  right-hand  portion  of 
the  table.  It  will  be  seen  that,  except  for  the  variable,  where 
the  difference  is  1M.8,  there  is  no  discordance  so  large  as  one 
unit.  The  corrected  observed  magnitude  of  the  variable  is 
7.3.  The  known  limits  of  its  variation  are  6". 03  and  6M.71  ; 
and  the  sensible  fluctuations  are  all  confined  to  a  space  of 
time  within  two  hours  of  minimum.  Carefully  weighing  all 
these  facts,  and  making  reasonable  allowance  for  error,  there 
seems  to  me  little  doubt  that  at  the  time  of  Schjellerup's 
observation,  1863  June  9d  llh  58m.4  Copen.  M.T.,  the  star 
was  below  its  mean  brightness,  and  therefore  within  one 
hour  and  a  quarter  of  minimum.  This  presumption  is  at 
least  so  strong  that  we  ought  to  require  any  adopted  theory 
of  the  star  to  conform  to  this  condition,  unless  sufficiently 
positive  contradictory  evidence  otherwise  appears.  I  have, 
therefore,  placed  it  in  the  following  table  of  observed 
minima. 


Table  of  Observed  Minima. 


Epoch. 


—7885 

4295 
4288 
4264 

—3861 


+ 


0 
75 
106 
113 
144 
150 
156 
272 
296 
303 
309 
328 
333 
334 
372 
385 
397 
403 


Observed  Minimum. 
Local  Meau  Time. 


1863 

June 

1871 

Sept. 
Oct. 

1872 

Sept. 

1881 

July 

Sept. 

Oct. 

Nov. 


d        h        m 

9  11  58.4  Cop. 

6     7  10.    Cord. 

12     7     0.       " 
2     7  30.       " 


4     7  15. 


1882 

Mar. 


Apr. 


9 
7 
7 
5 
6 
6 
6 
13 


22  16 

28  13 


2 

18 


May 
June 


22  16 

23  13 
25  10 

5  8 
15  9 
20  10 


45.  Cam. 

50.  " 

30.  " 

53.  " 

15.  " 

10.  " 

30.  " 

48.  " 

30.  " 

47.  » 

38.  " 

22.  " 

25.  " 

45.  " 

15.  " 

18.  " 

45.0  " 

36v2  " 


Light 

Obs. 

wt. 

Equat. 

m 

+  7.7 

D 

+0.3 

D 

—0.4 

D 

—2.9 

D 

+  0.6 

S 

} 

+  6.0 

S 

1 

4 

—0.9 

s 

1 

4~ 

—4.3 

s 

x 

—4.9 

s 

I 

—6.9 

s 

1 

—7.1 

s 

i 

—7.3 

s 

_L 

—0.6 

s 

1 

+  2.0 

s 

1 
5" 

+  2.7 

s 

* 

+  3  3 

s 

1 

3" 

+  5.1 

s 

i 

+  5.4 

s 

x 

+  5.5 

s 

1 

+  7.5 

s 

i 

+  7.6 

c 

l 

4" 

+  7.6 

c 

1 

+  7.5 

o— c 


—315.5 


— 

82.8 

+ 

92.6 

— 

64.6 

— 

56.4 

— 

58.0 

— 

36.9 

— 

58.8 

+ 

29.8 

+ 

51.3 

— 

0.1 

— 

26.5 

+ 

5.8 

— 

14.2 

+ 

9.6 

+ 

15.1 

— 

24.7 

— 

60.5 

+ 

11.9 

— 

8.4 

+ 

14.7 

+ 

9.4 

+ 

14.3 

Epoch. 


403 
409 
414 
422 
422 
428 
433 
434 
446 
446 
448 
454 
459 
465 
465 
472 
477 
478 

490 
490 
497 
503 
503 
509 


Observed  Minimum. 
Local  Mean  Time. 


July 


1882  d       h 

June  20  10 

25  11 
29  15 

6  8 

6  8 

11  9 

15  13 

16  10 

26  12 
26  11 
28  10 


Aug 


11  10 
11  10 
17     7 

21  11 

22  8 


44.0  Cam. 
20.3     " 
30.0     " 

42.5  " 

51.6  " 
43.2  " 
47.5  " 
19.0     " 

4.8  " 
50.0  " 
15.2  Ath. 

57.2  " 
35.8  Cam. 
24.8     " 

18.3  " 
45.5  " 
57.3     " 

2.5     " 


Sept.    1     9  30.4 
1     9  34.1 


6 
12 
12 
17 


6  24.1  " 

7  15.1  " 

7  23.6  " 

8  0.0  " 


Obs. 

wt. 

Light 
Equat. 

s 

1 

m 

+  7.5 

C 

4 

+  7.3 

C 

1 

+  7.2 

C 

2 

+  6.8 

S 

1 

+  6.8 

s 

1 

+  6.5 

c 

* 

+  6.2 

s 

3 

+  6.1 

c 

1 

+  5.2 

s 

1 

+  5.2 

Sch 

+  5.0 

Sch 

+  4.5 

S 

1 

+  4.1 

c 

4 

+  3.5 

s 

2 

+3.5 

c 

i 

+  2.8 

c 

1 

+  2.4 

c 

5 

+  2.2 

c 

5 

+  1.0 

c 

4 

+  1.0 

s 

1 

+  0.2 

c 

4     —0.4 

S 

3  1  —0.4 

c 

4 

-1.0 

o— c 


+ 


+ 


22.1 

12.0 

16.8 

6.3 

2.8 

8.0 

26.5 

2.8 

9.8 

5.0 

17.9 

22.5 

0.3 

1.9 

4.6 

28.1 

1  0 

1.7 

7.3 
3.6 
8.3 
4.1 
4.4 
5.9 
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Observed  Minimum. 

Light 

_ 

Observed  Minimum. 

Light 

Epoch. 

Local  Mean  Time. 

Obs. 

wt. 

Equat. 

(J 

-C 

Epoch. 

Local  Mean  Time 

Obs. 

U  1 

Equat. 

O— C 

1882               (1          h        m 

ni 

m 

1883            d        h        m 

in 

in 

509 

Sept.  17     8  13.2  Cam. 

S 

5 

-1.0 

+ 

7.3 

899 

Aug.  10     9  46.1  Cam. 

s 

+3.7 

—  15.5 

528 

Oct.      3     6  25.7     " 

c 

1 

—3.0 

— 

8.4 

918 

26     8  29.-.' 

it 

c 

5 

+  1.7 

—     0.6 

528 

3     6  33.9     " 

s 

4 

—3.0 

— 

0.2 

918 

26     8     4.7 

tc 

s 

+  1.7 

—  25.1 

534 

8     7  11.5     " 

c 

2 

—3.6 

— 

9.4 

924 

31     9   10.9 

tt 

c 

5 

+  1.1 

—     5.6 

534 

8     7  18.0     " 

s 

2 

—3.6 

— 

2.9 

924 

31     8  58.0 

(t 

s 

+  1.1 

—  18.5 

565 

Nov.    3     7  16.0     " 

c 

1 

—6.1 

— 

5.9 

930 

Sept.    5     9  41.7 

(( 

s 

0.0 

—  22.1 

787 

1883 

Mav     8  11   46.2     " 

c 

2 

+  0.7 

+ 

9.2 

949 

21     8  26.6 

i--i 

tt 

s 

—1.6 

—     5.0 

812 

29  10  33.1     " 

s 

+  7.5 

— 

15.4 

1271 

June  17     9  37.2 

tt 

s 

+  7.6 

—     2.8 

824 

June    8  12  23.0     " 

c 

5 

+  7.7 

+ 

2.4 

1277 

22   10  29.4 

tt 

s 

+  7.5 

+     3.6 

843 

24  10  44.1      " 

s 

+  7.4 

— 

3.0 

1302 

July  13     9  43.1 

tt 

s 

+  6.4 

+     3.8 

862 

July  10     9     6.7     " 

c 

4 

+  6.6 

— 

7.4 

1383 

Sept.  19     8  16.7 

It 

s 

—1.3 

+     6.5 

862 

10     9     7.1     " 

s 

+  6.6 

— 

7.0 

14  OS 

Oct.    10     7  22.1 

tt 

s 

—3.8 

—     2.9 

874 

.SMI 

880 
886 
892 

20  10  49.0     " 
25   11    18.5     " 
25  11    14.9     " 
30  12     7.0     " 
Aug.    4  13     3.6     " 

c 
c 
s 
c 
c 

2 

•"> 

5 

5 

+  5.8 
+  5.4 
+5.4 
+  4.9 
+4.3 

+ 

1.8 
15.2 
18.8 
13.4 

3.6 

1699 
1736 
1798 
1842 

1885 

June  11     8  25.5 
July   12     8   50.5 
Sept.    2     9   15.5 
Oct.     9     6  40.5 

1886 

tt 

tt 

tt 
tt 

s 

s 
s 
s 

+  7.6 
+  6.4 
+  0.8 
—3.7 

—  6.8 

—  27.7 

—  5.3 

—  23.3 

892 

4  12  56.3     " 

s 

+4.3 

— 

10.9 

2157 

June  30. 11     2.5 

1 1 

s 

+  7.2 

—  13.8 

893 

5     9  17.6     " 

c 

5 

+  4.2 

+ 

2.7 

2182 

July  21   10  15.5 

tt 

s 

+  5.7 

—  14.6 

893 

5     9     3.7     " 

s 

+  4.2 

— 

11.2 

2257 

Sept.  22     8     5.5 

tt 

s 

—1.7 

—     9.0 

899 

10  10     8.0     " 

c 

5 

+  3.7 

+ 

6.4 

2276 

Oct.      8     7     0.5 

tt 

s 

—3.6     +     2.5 

The  Cordoba  observations  are  of  a  highly  important  char- 
acter, and  are  therefore  given  in  detail,  exactly  as  communi- 


cated to  me  by  Dr.  Gould  in  1882,  in  the  first  two  columns 
below,  the  observer  being  Mr.  Davis. 


Cordoba  M.T. 

Observed  Sequence. 

M 

L 

E 

Computed  Min. 

D 

d 

wl  Aug.    5 

ii     m 

a  c   fVhk 

m 

6.4 

4.0 

—4333 

Aug.    5.487 

d 

12 

11  30 

aVfc    h  k 

6.0 

6.8 

4325 

12.197 

+  0.282 

17 

10     0 

a  3  V  c   f  2  h  2  m  A; 

6.1 

6.4 

4319 

17.229 

+  0.188 

24 

7     o 

a  2  V  2  f  c  2  h   3   k  m 

6.0 

6.8 

4311 

23.938 

+  0.354 

31 

7  15 

a  2  f  v  c  h  k  m 

6.2 

5.3 

4302 

31.486 

—0.184 

Sept.    1 

7  15 

a  3  /=  c  V  h  k  in 

6.3 

4.3 

4301 

Sept.    1.325 

—0.023 

6 

7  10 

a  3  /  \  c   2  h  +  V  2   km 

6.35 

2.6 

4295 

6.357 

—0.058 

12 

7     0 

a  3  c  /  2   h  V2  k   m 

6.45 

2.3 

4288 

12.228 

+  0.064 

13 

8     0 

a  2  V  c   f  2  h  3  k 

6.15 

6.6 

4287 

13.066 

+  0.267 

14 

7  10 

a2Vcf2h3k 

6.15 

6.6 

4286 

13.905 

+  0.394 

15 

8     0 

a  3  c V=f  2  h  3  k 

6.25 

5.0 

4284 

15.582 

—0.249 

19 

8     0 

a  3  c  / V h  3  k=m 

6.4 

4.0 

4280 

18.937 

+  0.396 

20 

8  30 

a  3  c  /  2  V 2   H  k  =  m 

6.4 

4.0 

4278 

20.614 

—0.260 

Oct.      2 

7  30 

a  3  c   2/2   h  V  2  m  k 

6.6 

2.1 

4264 

Oct.      2.356 

—0.052 

11 

8     0 

a  3  V  c  f  2    h 

6.1 

6.4 

4253 

11.581 

—0.248 

1872  Mar.     6 

a  V2  h  c  2  f  2  k   m 

7.0 

Sept.    4 

108  =  6M.4    116  =  6M.9     V= 

6.7 

2.0 

—3861 

Sept.    4.342 

—0.042 

Notation  :  Nos.  in  Ophinchus,  Uran.  Arg. 
a  =  No.    82  h  —  No.  86  V=  No. 

c  =  No.    81  k  =  No.  64 

/=  No.  108  m  =  No.  76 


110 


The  column  M  gives  the  magnitude  assigned  to  the  vari- 
able Fby  Dr.  Gould. 

From  a  combination  of  all  the  sequences  I  have  determined 
the  light-scale,  a  =  8.7,  c  =  5.6,  /=  5.0,  h  =  3.1,  fc=r0.6, 
m  =  0.0 ;  whence  we  have  the  light  of  the  variable  in  the 
column  L,  in  this  arbitrary  scale.  The  last  three  columns 
give,  respectively,  the  number,  E,  of  the  nearest  epoch  of 
minimum  ;  the  corresponding  computed  Cordoba  mean  time 
of  minimum  from  mv  elements  in  A.N.  2448  and  2572  ;  and 


D,  the  interval  between  this  and  the  time  of  each  observation. 
The  time  of  three  observations  of  the  series  is  not  given  ;  but 
for  the  last  of  these  the  conditions  of  sufficient  altitude  for 
observation  and  of  the  ending  of  twilight  fix  it  within  moder- 
ately narrow  limits.     I  have  assumed  it  to  be  7h  15m. 

Since  there  is  but  one  observation  on  each  evening  we  can- 
not deduce  the  minimum  phases  in  the  usual  way.  Two 
courses  are  therefore  open. 

(a).     To  determine  a  normal  epoch  of  minimum  from  the 
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complex  of  all  the  observations.  Thus,  arranging  the  values 
of  L  and  D  in  order  of  the  latter,  and  taking  successive 
means  of  each  five  values,  we  get 


D 

L 

D 

L 

d 

d 

+  0.339 

6.2 

+  0.027 

3.4 

0.298 

6.6 

—0.022 

2.7 

0.232 

5.8 

—0.085 

3.5 

0.156 

5.3 

—0.130 

3.6 

+  0.091 

4.3 

—0.173 

4.0 

"Whence  we  find,  graphically,  the  correction  to  the  assumed 
elements  O — C  =  —  0d.042  =  —  60'". 0,  corresponding  to 
about  the  mean  epoch  E  =  —  4267. 

(6).  To  adopt  for  those  evenings  on  which  the  value  of 
L  is  very  decidedly  below  its  average  value  —  namely,  1.S71 
Sept.  6,  Sept.  12,  Oct.  2,  and  1872  Sept.  4  — the  observed 
times  as  the  actual  times  of  minimum.  Thus  we  have  the 
values  given  in  the  table  of  observed  minima  on  page  130. 
The  corresponding  corrections  to  the  assumed  elements,  are 


E  =  —4295 
—4288 
—4264 
—3861 

Mean     — 4177 


O— c  = 


—82.8 
+  92.0 
—64.6 
—56.4 

—27.8 


Botli  of  these  processes  are  reasonable,  although  I  prefer 
the  result  («)• 

The  regularly  observed  minima  of  the  star,  to  1886  inclu- 
sive, comprise  two  by  Schmidt,  thirty-two  by  Sawyer,  and 
twenty-nine  by  myself.  There  are  besides  a  considerable 
number  of  sporadic  observations  by  Sawyer,  in  1881  and 
1882,  from  which  approximate  times  may  be  inferred.  He 
has  kindly  furnished  me  with  all  his  observations  for  these 
years  in  detail,  giving  the  light  of  the  variable  at  each  obser- 
vation. From  these  I  have  found  the  times  of  minimum 
here  given,  by  exactly  the  same  process  as  for  my  own  ; 
namely,  applying  to  each  observed  times  the  reduction  to 
minimum  corresponding  to  the  observed  light  L,  referred  to 
a  mean  light-curve,  and  then  taking  the  means  of  the  re- 
duced times,  giving  the  weights.  1  where  L<  6.0,  A  where 
L=  6.0  to  7.0,  and  0  where  L  <  7.0.  The  mean  light-curves 
thus  employed  in  reducing  s  w\  \  er's  minima  were  found  from 
his  observations  of  1881  and  1882,  and  in  my  own  case  from 
one  which  differs  but  inappreciably  from  the  one  hereafter 
given.  In  the  reduction  of  the  minima  from  1883  to  1886, 
which  he  has  published  from  time  to  time,  he  has  adopted 
exactly  the  same  method.  Thus  the  whole  series  for  both 
observers  is  strictly  homogeneous  in  this  particular.  This 
makes  interesting  the  comparison  of  identical  minima  for  the 
recognition  of  personal  differences  in  observation,  for  which 
60  good  an  opportunity  is  not  often  presented.  From  the 
sixteen  minima  common  to  the  two  series,  the  differences 
Chandler  —  Sawyer,  are 


1882 

1883 

E 

C— S 

E 

C— S 

403 

—  7.8 

862 

—  0.4 

422 

—  9.1 

880 

+   3.6 

446 

+  14.8 

892 

+   7.3 

465 

+   6.5 

893 

+  13.9 

490 

—  3.7 

899 

+  21.9 

503 

—  8.5 

918 

+  24.5 

509 

—13.2 

924 

+  12.9 

528 

—  8.2 

534 

—  6.5 

—  4.0 

Mean 

Mean 

+  12.0 

It  seems  reasonable  to  attribute  the  curious  change  of 
sign  to  the  fact  mentioned  by  Sawyer  (-4.-V.  2591)  that  dur- 
ing 1883  he  was  accustomed  to  employ,  in  preparing  for  ob- 
servation, an  approximate  ephemeris  whose  times  were  fifty 
minutes  less  than  the  known  elements  gave.  This  incident 
is  not  to  be  regretted,  from  the  instruction  it  affords  as  to 
tin'  possible  influence  of  mental  preoccupation  of  the  sort; 
and  is  the  more  interesting  from  the  well-known  high  char- 
acter of  the  work  of  this  skilful  and  conscientious  observer. 
It  should  be  remarked  that,  as  the  average  rate  of  change  in 
light  of  this  variable  is  about  one  step  in  twenty  minutes  of 
time,  a  difference  of  twelve  minutes  corresponds  merely  to 
0.06  of  a  unit  of  magnitude,  a  quantity  which  requires  con- 
siderable delicacy  of  perception  to  recognize. 

For  the  determination  of  new  elements,  the  data  of  the 
previous  table  of  observed  minima  were  combined  to  form 
normal  epochs  according  to  the  weights  given,  assuming 
the  weight  3  for  Sawyer's  minima  since  1882,  and  for 
Schmidt's.  The  results  for  each  observer  are  kept  separate. 
These  normal  epochs  are  given  in  the  first  five  columns 
below.  For  Cordoba  the  alternative  values  (a)  and  (b), 
already  described,  are  both  inserted. 

Table  of  Normal  Epochs. 


O 

-C 

Au- 
thor. 

Minima 
Included. 

Mian 
Epoch. 

P 

I 

11 

III 

m 

■ 

m 

Sj- 

—7885 

—315.5 

—30: 

— 

lis. 3 

G 

{: 

—4267 

— 

60.0 

— 

49.8 

+ 

0.7, 
30.8  J 

—  1177 

— 

27..S 

— 

17.6 

+ 

s 

0-  156 

+    120 

— 

7.5 

+ 

2.9 

— 

7.5 

-* 

s 

272-   103 

350 

0.0 

+ 

6.3 

+ 

0.4 

i 

C 

397-  446 

416 

+ 

4.3 

+ 

10.6 

+ 

4.:i 

Sin 

448-  454 

451 

— 

20.2 

— 

13.9 

— 

19.5 

i 

s 

122-  490 

157 

— 

2.0 

+ 

4.3 

— 

1.3 

C 

465-  497 

479 

— 

1.9 

+ 

4.3 

— 

1.2 

c 

503-  565 

.".17 

— 

6.1 

+ 

0.1 

— 

5.2 

s 

503-  534 

517 

+ 

2.5 

+ 

-.7 

+ 

3.4 

•I 

c 

787-  874 

838 

+ 

0.3 

+ 

6.3 

+ 

2.6 

s 

812-  862 

839 

— 

8.5 

— 

2.5 

— 

6.2 

c 

880-  893 

s.sS 

— 

7.4 

— 

1.5 

— 

4.8 

s 

880-  899 

891 

— 

14.1 

— 

8.2 

— 

11.4 

c 

899-  924 

914 

+ 

0.1 

+ 

5.9 

+ 

2.9 

s 

918-  949 

930 

— 

17.7 

— 

11.9 

— 

14.4 

s 

1271-1408 

1328 

+ 

1.6 

+ 

7.1 

+ 

7.."> 

s 

1699-1842 

1769 

— 

15.8 

— 

10.7 

— 

."..4 

s 

2157-2276 

+  2218 

— 

8.7 

— 

3.9 

+ 

7.7 
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The  values  in  column  I  of  (O — C)  are  the  means  of  those 
in  the  table  of  observed  minima,  and  result  from  the  ele- 
ments in  A.  X.  2448, 

1881  July  17d  10h  49ra  0s  (Camb.  M.T.)  +  20h  7ra  4U.6  E 

which  are  identical  with  those  in  A.X.  2572. 

1884  January  ld  0h  54m  43s.6  (Paris  M.T.) 

+  20h7m41s.6  (E  —  1070) 

From  all  the  normal  epochs,  except  Schjellertjp's  (em- 
ploying equation  b  for  Cordoba),  we  find  by  least  squares, 
using  the  weights  p,  the  corrections  to  these  assumed  ele- 
ments, 

Correction  to  principal  epoch.    — 6m.65  ±  lm.76 
CoiTection  to  period,  +  0S.05  ±   0\093 

the  latter  being  insignificant,  as  well  as  far  less  than  its 
probable  error.  Applying  these  corrections,  we  find  the 
values  II  of  (O — C).  These  show  at  a  glance  that  Schjel- 
leeup's  observation  is  irreconcilable  with  any  value  of  a 
uniform  period  which  will  tolerably  satisfy  the  other  data: 
and  closer  attention  will  show.  also,  that  even  disregarding 
Schjellerup,  there  is  a  tendency  to  system  in  the  residuals 
II,  which  is  equally  suggestive  of  inconstancy  in  the  period. 
The  solution  which  best  satisfies  the  equations  from  1**1  to 
1886  gives  the  correction  to  the  epoch  — l'"..">.  and  to  the 
period  — 0*.07a ;  and  increases  the  residual  for  Schjel- 
lerup to  — 321m.  and  that  for  Gould  to  — 61m  (a),  or  to 
— 29m  (6).  This  evidence  as  to  the  probable  shortening  of 
the  period  comes  out  clearly  by  combining  the  observations 
into  six  principal  epochs,  thus  : 


I 

Ha 

116 

III 

IV 

V 

VI 


1863 
1871-2 

1882 

1  —  1-:; 

1883 

l.vs4-6 


Schjellerup 

Gould 

Chandler 

Sawyer 

Chandler 

S  VWVER 


E 
—7885 


j  —4267         — 
|  —4177         — 


+  *476 
+  665 
+  883 
+  1737 


O— C 

■315.5 
60.0 
27.8 
1.7 
7.0 
3.0 
6.9 


whence  from  the  differences  we  get 


I  -II« 
I  -116 
IL/-III 
II6-III 
III-V 
IV  -VI 


h    in       8 

P  =  20  7  45.84 
46.24 
42.34 
41.94 
41.41 
41.60 


|  about  the  year  1867 
|      "  "         1876 


1883 

l.vs4 


All  the  data  can  be  well  reconciled  by  assuming  the  period 
to  shorten  with  each  recurrence  by  0s. 0004.  Thus  if  we  add 
the  quantity  0S.0002  E2  to  the  residuals  O — C  iu  column  I, 
we  have  column  III.  where  the  residuals  for  Sch.  and  G  are 
reduced  to  a  reasonable  amount,  and  a  perfectly  satisfactory 
alternation  of  sign  is  secured  for  the  rest  of  the  series. 

A  farther  corroboration  of  the  existence  of  this  irregularity 
is  that,  while  the  assumption  of  a  uniform  period  tends  to 
conflict  with  the  Albany  estimate  of  1858  Sept.  13,  the  hy- 
pothesis of  a  shortening  is  in  harmony  with  all  four  of  the 
Albany  estimates,  as  well  as  with  those  at  Bonn. 

We  may  therefore  adopt,  as  definitive,  the  original  ele- 
ments with  the  addition  of  this  secular  term,  or 

1884  January  ld  0h  54m  43s.6  Paris  M.T. 

"  +  20h  7m  41\6  (E  —  1070)  —  0S.0002  E2 

In  the  next  number  of  the  Astronomical  Journal  will  be 

given  a  discussion  of  the  light-curve,  which  presents  some 
interesting  peculiarities,  and  also  a  general  ephemeris,  with 
appropriate  subsidiary  tables. 


OX   THE   PERIOD 


Since  the  publication  of  my  article  on  the  above  variable, 
in  No.  159  of  this  Journal.  I  have  obtained  farther  obser- 
vations on  this  star  which  go  to  prove  that  the  period,  instead 
of  being  2d  23h  56m,  is  only  one-half  of  this,  or  ld  12"±.  This 
contradicts  the  observation  of  1887  January  12,  17!l  15" 
to  18h  5m.  made  by  Mr.  Chandler  (  No.  150  Astron.  Journal) , 
when  he  found  the  star  apparently  at  maximum.  He  states, 
however,  that  the  observation  was  made  in  strong  morning 
twilight,  and  consequently  little  to  be  depended  upon.  Un- 
fortunately, owing  to  press  of  other  matters,  my  observations 
are  not  continuous  enough  to  establish  precisely  the  times  of 
minima  on  the  several  evenings  when  the  star  was  observed 
in  faint  light :  consequently  no  attempt  has  been  made  to 
improve  the  general  elements  computed  by  Mr.  Chandler. 

Cambridgeport,  1887  September. 


OF   THE   AEGOL- VARIABLE.    Y  CYGJYI, 

By  EDWIN  F.  SAWYER. 

As,  however,  the  star  can  be  continuously  observed  for  some 
time  to  come,  owing  to  the  minima  occurring  at  intervals  of 
three  days  at  about  7— 8h.  Camb.  M.T.,  observers  will  soon 
be  able  to  obtain  the  necessary  data  for  a  more  rigid  deter- 
mination of  the  period.  The  following  table  gives  the  light 
of  the  variable  at  each  observatii  in  : 


1S87  Camb.  M.T. 

Light 

1883 

Camb.  M.T. 

Light 

Aug.  13 

8  50 

6.4 

Aug 

25 

8  25 

4.6 

13 

9  55 

6.7: 

25 

10  15 

6.8 

16 

8  45 

5.2  :  hazy 

Sept 

4 

8     0 

10.0 

16 

9  55 

5.2  :   hazv 

5 

7  35 

10.0 

18 

8  25 

10.0 

5 

10     1 

10.0 

18 

9  30 

10.0 

9 

8     5 

faint :  hazy 

19 

8  35 

faint :  hazy 

9 

9     5 

faint :  hazy 

19 

9  35 

faint  :  hazv 
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OBSERVATIONS   OF   COMET    1887/   (Brooks  and  Oilers), 

MADE    AT   THE   U.    S.    NAVAL   OBSERVATORY   WITH   THE   9.0   INCH    EQUATORIAL, 

By  Prof.  EDGAR  FRISBY,  U.S.N. 
(Communicated   by   the    Superintendent.) 


1887     Washington  M.T. 

* 

No. 

#- 

* 

gS's  apparent 

logpA 

Comp. 

zla 

Ah 

a 

5 

or  a     |      for  (j 

d         K         m        s 

in        e 

i       n 

h          In         B 

o          1           II 

Aug.  29  16  24  12.5 

1 

5  ,   1 

+  2  31.77 

+   7  59.1 

8  52  49.61 

+  29  46  43.2 

m9.724 

0.673 

«    16  24  12.5 

2 

5  ,   1 

—3     4.50 

—  2  18.2 

8  52  50.14 

+  29  47     0.0 

30  16     1  30.4 

3 

14  ,  3 

—0  26.49 

+  8  36.0 

8  57     9.02 

+  29  51  23.6 

«0.022 

0.711 

"    16  16  49.1 

4 

9  ,   2 

+  1   17.05 

+   2  22.8 

8  57  11.01 

+  29  51   24.0 

w0.024 

0.685 

31   16  31  56.7 

5 

13  ,  3 

—1  41.58 

—  5  21.7 

9     1  37.40 

+  29  55  27.3 

w9.704 

0.665 

Sept.  16  16  46  24.3 

6 

11   ,  3 

—0  30.01 

—  14  52.6 

10  16  48.12 

+  29  56  11.5 

n9.724 

0.657 

19  16  34  34.0 

7 

13   ,  3 

+  2     9.77 

—  0  50.6 

10  31  34.53 

+  29  41   20.7 

«9.723     0.663 

Mean  Places  for  1887.0  of  Conijmrison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

O            f             If 

ii 

1 

8  50  17.78 

+  0.06 

+  29  38  52.1 

—8.0 

Bonn,  VI., +  29°  1849 

2 

8  55  54.60 

+  0.04 

+  29  49  26.2 

—8.0 

W.  Bessel,  VIII.  1321 

3 

8  57  35.42 

+  0.09 

+  29  42  55.5 

—7.9 

Leiden  Zones,  12,83  and  162,103 

4 

8  55  53.86 

+  0.10 

+  29  49     9.1 

—7.9 

Leiden  Zones,  12,80  and  162,102 

5 

9     3  18.88 

+  0.10 

+  30     0  56.9 

—7.9 

Leiden  Zones,  37,3  and    39,5 

6 

10  17  17.98 

+  0.15 

+  30  11  11.5 

—7.4 

Leiden  Zones,  41,54 

7 

10  29  24.73 

+  0.03 

+  29  42  21.2 

—9.9 

Leiden  Zones,  27,5  and  116,119 

THE  RECENT  APPROACH  OF  THE  OLBERS-COMET  TO  MARS. 


The  proximity  of  the  OLBERS-comet  to  Mars  at  the  end  of 
last  July  does  not  seem  as  yet  to  have  been  noticed.  Using 
the  elements  given  by  Dr.  Krueger,  A.  iV  2803,  we  have 


for  the  heliocentric  coordinates  of  the  comet,  for  Greenwich 
mean  noon  and  the  mean  equinox  of  date,  and  for  those  of 
Mars  according  to  the  American  Ephemeris, 


Date 

Long 

tude. 

Latitude 

Radius 

Vector 

Comet 

Mars 

Comet 

Mars 

Comet 

Mars 

July  17 

82  57.7 

79  41.3 

—1  32.5 

+  0  57.2 

1.709 

1.549 

21 

84  27.6 

81  42.0 

—0     4.0 

+  1     0.5 

1.671 

1.554 

25 

86     1.6 

83  41.9 

+  1  28.5 

+  1     3.7 

1.633 

1.559 

29 

87  40.2 

85  41.1 

+3     5.4 

+  1     6.8 

1.596 

1.564 

Aug.  2 

89  24.0 

87  39.5 

+  4  46.9 

+  1     9.8 

1.559 

1.569 

Though  the  approach  hardly  seems  to  have  been  near 
enough  to  very  materially  affect  the  elements  of  the  comet, 
still  its  effect  certainly  should  be  taken  into  account  in  com- 


paring its  present  ellipse  with  that  which  it  moved  in  at  its 
previous  apparition. 

George  M.  Searle. 
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ELEMENTS  AND  EPHEMEKIS  OF  THE  OLBERS- COMET, 

By  H.    V.    EGBERT. 


When  the  material  for  this  orbit  was  being  prepared,  it 
was  hoped  to  get  a  satisfactory  normal  place  near  the  close 
of  September,  but  the  cloudy  weather  has  prevented  this, 
and  the  orbit  rests  in  part  on  rather  slender  material. 

Using  the  Albany  observations  of  August  27,  28,  29,  30, 
with  Ginzel's  ellipse,  there  was  obtained  for  the  time  of 
perihelion,  October  8.50398  Gr.  M.T.  The  elements  then 
stood  (V.J.S.  XVII.  113), 

T  =  1887  Oct.  8.50398  Gr.  M.T. 
Q,  =     84°  31'  24".2  ) 
c  =     44    33    34  .3  V  1887.0 
n  =   149    48    40  .3  ) 
<f>  =     68    31      3  .0 
ft  =     49".387785 
With  these  elements  an  ephemeris  was  formed  for  the  pur- 
pose of  determining  normal  places,  which  were  composed  as 

follows  : 

Aug.  27.  Konigsb. ,  Vienna,  Rome,  Albany,  Nashv. 

"    28.  Konigsb., Kremsmiinster,  Albany,  Nashv. 

"    30.  Milan,  Besancon,  Lyons,  Alb.,  Washing. 

"    31.  Milan,  Turin,  Algiers,  Washington. 

Sept.    6.  Plonsk,  Geneva. 

"     14.  Kiel,  Strasburg. 

"     15.  Kiel,  Albany. 

"    16.  Washington. 

"     18.  Kiel. 

"    23.  Albany. 

Normal  Places,   (1887.0) 


I. 
II. 

in. 

IV. 

v. 

VI. 


Greenw 
Aug 


M.T. 


Corr.  to  Eph. 


28.0 

31.0 
Sept.    6.5 
"       15.5 
"       18.630046 
"      23.875949 


131  10 
134  25 
141  45 
152  28 
156  19 
162  48 


4.3 
13.3 
39.5 
52.6 
10.8 
58.8 


29 
29 
30 
30 
29 
29 


2.1 
4.8 

20.5 
8  9 
3.0 

56.2 


« 

11.1 

3.9 

34.5 

78.0 
99.6 


+  131.5 


8 

a 

6.5 
5.5 

7.8 

3.3 

8.1 

23.8 


The  differential  coefficients  for  these  dates  were  formed, 
and  a  solution  made  by  least  squares,  in  which  Je  was  con- 
sidered as  a  function  of  the  other  increments,  and  finally 
derived  directly  from  the  normal  equations.  The  final  in- 
crements were 


Jn 

= 

+  5' 

55".8 

JQ, 

— 

— 1 

29  .7 

Ji 

— • 

+  1 

19  .6 

JT 

— 

+  0d.045223 

Aq 

^ 

— 0 

.0021360 

Je 

= 

— 0 

.0006647 

ew  elements, 

T 

=  1887  Oct. 

8.549199  Gr. 

to 

=  65°  24 

41 

".6) 

9, 

=  84    29 

54 

.5 

1887.0 

i 

=  44    34 

53 

.9) 

log  q 

=  0.078619 

loge 

=  9.968420 

M.T. 


These  elements  represent  the  six  normal  places,  as  follows  : 


C— O 


I. 

II. 

III. 

rv. 

v. 

VI. 


J«  cos  3 
'i 
+  1.4 
—1.3 
—2.6 
+  2.1 
—1.9 
—1.4 


a 
—0.1 
+  1.4 
—2.1 
—0.3 
—1.3 
+  1.2 


x 

y 


Equatorial  Coordinates. 
[9.854561]r  sin  (u+237°  42'  37".0) 
[9.972444]?-  sin  (i>+168   45  47  .7) 
[9.891718]r  sin  (v+   95    57   58  .7) 


Ephemeris  for  Greenwich  Midnight 


1887 

Oct.  16 

18 

20 

22 

24 

26 

28 

30 

Nov.    1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 


12  40 
49 

12  58 

13  6 
15 
23 
31 
39 
47 

13  55 

14  2 
10 
17 
24 
31 
38 
44 
51 

14  57 


« 

[II  8 

22.99 
21.93 
11.76 
52.07 
22.71 

I.I.HS 

54.08 
54.70 
45.32 
25.95 
56.72 
17.72 
29.11 
31.04 
23.70 

7.26 
41.92 

7.89 
25.38 


+  23  32 
22  51 
22 
21 


9 
26 


20  42 
19  58 
19  13 
18  28 
17  43 
16  57 
16  12 
15  27 
14  42 
13  57 
13  13 
12  30 


11 
11 

+  10 


-17 

4 

23 


11.9 

20.8 

22.7 

27.8 

45.0 

23.7 

33.0 

22.6 

0.3 

34.7 

12.4 

0.7 

5.6 

34.3 

31.2 

1.9 

9.9 

59.6 

33.3 


(Equin. 
log  r 

.08080 
08351 
08724 
09194 
09752 
10391 
11102 
11876 
12703 
.13576 


1887.0). 
log  A 

0.27546 
0.27782 
0.28104 
0.28503 
0.28970 
0.29492 
0.30059 
0.30660 
0.31285 
0.31924 


L 
1.59 


1.50 


1.38 


1.24 


1.08 
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1887                            a  5                           log  r               log  A               L 

ll         111          s  °          I         It 

23         15     3  34.60  +   9  42  54.4 

25       9  35.79  9  3  4.7    0.14486    0.32569    0.94 

27      15  29.16  8  24  7.2 

29      21  14.95  7  46  2.3    0.15427    0.33212 

Dec.  1       26  53.38  7  8  51.1 

3      32  24.68  6  32  34.4    0.16390    0.33847    0.82 

5      37  49.10  5  57  13.5 

7      43  6.77  5  22  48.5    0.17370    0.34466 

9      48  17.89  4  49  20.0 

11               53  22.57  4  16  47.7         0.18363         0.35064         0.70 

13         15  58  20.91  3  45  11.5 

15         16     3  13.13  3  14  30.9         0.19362         0.35638 

17                 7  59.43  2  44  45.5 

19         16  12  39.93  +   2  15  55.2         0.20364         0.36182         0.61 
Unit  of  light,  August  27. 
Dudley  Observatory,  1887  October  13. 


FILAR  MICROMETER   OBSERVATION   OF   THE   COMET   1887/  (Brooks,  Otters), 

MADE     AT    THE    DUDLEY    OBSERVATORY,     ALBANY. 

By  H.  V.  EGBERT. 

No.  &/  —  %  &?'s  apparent  log  ;>A 

Clomp.  Ja  /JS  a  S  f°ra         for(i 


1887    Albany  M.T. 


h         ra       s                                                      in  s                              I  II                       h         m        8                                     o         '          " 

Sept.  23     16  22  14          2,2         —4  32.02        +3  30.0        10  51   17.56  +29  10  42.1       »i9.696     0.736 

Mean  Place   of  Comparison- Star. 

Red.  to                      s  Red.  to 

a                 app.  place                    h  app.  place  Authority 

h          m       8                             s                                   Off)  II 

10  55  49.57         +0.01  +29  7  18.8  —6.7          Weisse's  Bessel,  X.  1085. 


TWO   HUNDRED   SIXTY-NINTH  ASTEROID. 

A  cable-dispatch  distributed  by  Mr.  Ritchie,  gives  information  of  an  asteroid  of  the  twelfth  magnitude,  discovered  by 
Paxisa,  at  Vienna,  September  21.     The  position  given,  is 
Sept.  21.5201,  Greeuw.  M.T.     «  =  348°  58'  55".5,     8  =  —  7°  15'  25".        Daily  motion,     -0113  in  a,  and  0"  7'  southward. 


TWO   HUNDRED   SEVENTIETH  ASTEROID. 

A  telegram  from  Mr.  Ritchie  announced  the  discovery  of  an  asteroid  of  the  twelfth  magnitude,  by  Peters. 
Oct.  8.5534  Greenw.  M.T.  a  =  19°  15'  45".  d  =  +12°  26'. 


CORRIGENDA. 

No.  158,  p.  106.     Equation  (8),  in  the  value  of  /,  for  2  r'r"  cos  (»'—»"),  put  2  r'r"  cos  $"  cos  (c — v"). 

No.  lol»,  p.  118.  Mr.  Egbert  has  pointed  out  an  error  in  the  right-ascension  of  the  comparison-star  no.  23,  used  at  Cordoba  for 
the  comet  1886  VII.  The  minute  should  be  15,  not  54;  the  star  being  the  same  which  was  used  at  Plonsk  on  the  following 
day  (Astr.  Nachr.  116,  p.  262),  and  no.  26  of  Washington  Transit  Zone  190. 

No.  160,  p.  127.     Mr.  Barnard  desires  that  his  observation  of  the  comet  1887  /,  be  corrected,  so  as  to  read  as  follows  : 
Ja  =+  3'"  17s.57,  J,1=  +  8'3t".0;  a  =  8h  48"'  36s.8,  <S  =  29°  41' 52".0. 
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INVESTIGATION   OF   THE   LIGHT- VARIATIONS   OF    U  OPHIUCIII. 

By  S.  C.  CHANDLER,  Jr. 
II. 


Iu  the  last  number  of  the  Astronomical  Journal  was  given 
a  determination  of  the  period  of  this  star,  (.'inning  now  to 
tbe  light-curve,  we  must,  by  way  of  preliminary,  describe  the 
formation  of  the  light-scale.  This,  while  nominally  deter- 
mined from  my  1882  observations  alone,  one  hundred  and 
seventy-five  in  number,  proved,  by  subsequent  tests  with  the 
one  hundred  and  twenty  observations  in  1883,  to  require  no 
modification,  and  it  may  therefore  be  regarded  as  formed 
from  the  whole  series.  Proceeding  in  the  ordinary  manner, 
we  find  the  equations 


No.OI,,, 

No.  Ol.s 

a  —  b  =  3.06 

25 

c  —  d=  1.78 

30 

a  —  c  =  4.50 

10 

c—  e  =  3.62 

62 

a  —  d=  4.82 

11 

c—  /=  4.60 

34 

b—c  =  1.87 

21 

d—e  =  2.60 

79 

b—  d  =  3.13 

31 

d  —  f=  3.55 

60 

b  —  e  =   4.27 

33 

e—  t'=   1.50 

29 

e  —  g=  3.24 

8 

in  forming  which,  only  those  combinations  which  involved 
sums  of  the  differences  of  the  variable  from  the  two  stars 
were  employed.  Although  differences  of  the  variable  from 
either  star,  of  four  steps  and  over,  were  disregarded,  there 
is  evidence  here  that  the  value  of  the  unit  varies  slightly 
with  the  amount  of  the  light-difference. 

Instead  of  forming  the  light-scale  from  these  equations,  I 
adopted  a  method  which  appears  unobjectionable.  Although 
it  assumes  the  light-curve  of  the  variable  to  be  constant,  it 
is  entirely  independent  of  its  form.  Against  each  obser- 
vation of  the  variable,  was  written  the  interval  of  time  from 
the  nearest  computed  minimum.  The  observations  were  all 
arranged  iu  order  of  this  interval,  and  means  were  taken,  in 
ten-minute  groups,  of  the  observed  differences  of  the  vari- 
able from  each  comparison-star.  The  differences  of  the 
means  in  each  group  were  then  taken,  for  each  pair  of  stars 
which  could  be  formed  without  using  values  of  more  than 
two  steps  ;  and  finally  the  average  of  all  the  values  for  each 
pair,  giving  weights  according  to  the  number.  Thus  were 
obtained 


No.  Obs 

No.  Obs 

a  —  b  =  2.83 

18 

b—d  =  2.59 

71 

b  —  c  =  1.52 

77 

c  —  e  =  3.55 

34 

c—d  =  1.20 

9] 

<?—/•=  3.52 

81 

d  —  e  =  2.39 

134 

e  —  /=  1.20 

95 

equations  which  are  consistent  to  a  satisfactory  degree,  and 
which  require  very  little  adjustment  to  form  the  following 
light-scale. 


187 

->.o 

L 

Mas. 

h         m        s 

o       I 

M 

II 

16  59     6 

—0  43.1 

10.7 

5.83 

b 

17     1   47 

—0  54.8 

7.8 

6.13 

c 

17     0  21 

—1   29.2 

6.3 

6.29 

ll 

16  58  55 

+  0  53.4 

5.1 

6.42 

e 

17     9  56 

+  2   19.7 

2.7 

6.68 

f 

17     6  31 

+0  30.5 

1.5 

6.81 

9 

17   11    17 

+  1   52.8 

0.0 

6. 'J  7 

In  the  last  column.  I  have  placed  the  carefully  assigned 
equivalent  magnitude,  in  the  ordinary  historical  scale,  em- 
bodied in  the  !'rn iiniiii  iriii  Xuru,  the  Durchmusterung,  and 
the  Uranometria  Argentina. 

As  no  opportunity,  when  the  star  could  be  seen  at  all  neaf 
minimum,  had  been  neglected  during  the  two  years,  the 
observations  were  prosecuted  under  a  great  variety  of  con- 
ditions ;  often  in  bright  moonlight,  or  when  considerable 
haze  was  present — sometimes  with  the  field-glass,  sometimes 
with  the  opera-glass.  To  render  their  results  as  homogene- 
ous as  possible,  the  step-value  for  each  evening  was  ascer- 
tained according  to  the  method  of  Schonfeld  and  Oude- 
mans.  For  this  purpose  the  ratio  of  the  mean  value  of  the 
observed  differences  b — d  and  c — e,  for  each  night,  to  their 
values  by  the  light-scale  was  fouud,  and  all  the  observed 
differences  of  the  variable  from  each  star  altered  accord- 
ingly. Also,  weights  were  given  to  the  comparison  in  each 
observation  iu  proportion  to  8 — m,  m  being  the  number  of 
steps  in  each  observed  light-difference. 

In  this  manner  the  whole  series  of  two  hundred  and  ninety- 
five  observations  was  reduced  and  brought  to  bear  in  form- 
ing the  light-curve.    The  data  for  1882  and  1883  were  treated 
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independently.  The  following  table  gives  the  values  read 
off  from  the  adjusted  curves  for  each  year,  with  the  finally 
adopted  values,  and  their  equivalent  magnitudes,  in  the  ordi- 
nary scale. 

Light -Table. 


Time. 

Before 

Minimum. 

After 

Minimum. 

1882 

1883 

Adopted. 

1882 

1883 

Adopted. 

h     in 

M 

M 

2    10 

8.8 

8.8= 

=6.03 

8.8 

8.8: 

=6.03 

30 

8.7 

8.7 

6.04 

8.8 

8.8 

6.03 

20 

8.4 

8.4 

6.07 

8.5 

8.5 

6.06 

10 

8.1 

8.1 

6.10 

8.2 

8.2 

6.09 

2     0 

7.8 

7.8 

6.13 

7.9 

7.9 

6.12 

1   50 

7.4 

7.4 

6.18 

7.6 

7.6 

6.16 

40 

7.0 

7.0 

6.22 

7.3 

7.3 

6.19 

30 

6.7 

6.9 

6.8 

6.24 

6.8 

7.0 

6.9 

6.23 

20 

6.3 

6.5 

6.4 

6.28 

6.3 

6.6 

6.4 

6.28 

10 

5.9 

6.0 

6.0 

6.32 

5.7 

6.2 

5.9 

6.33 

1     0 

5.4 

5.6 

5.5 

6.38 

4.9 

5.5 

5.2 

6.42 

0  50 

4.8 

5.0 

4.!) 

6.44 

4.3 

4.5 

1.1 

6.50 

40 

4.1 

4.4 

1. -J 

6.52 

4.1 

4.2 

4.2 

6.52 

30 

3.5 

3.6 

3.6 

6.58 

1.1 

3.9 

4.0 

6.54 

20 

3.1 

2.9 

3.0 

6.65 

3.6 

3.3 

3.4 

6.60 

10 

2.6 

2.5 

2.6 

6.69 

2.9 

2.5 

2.7 

6.68 

0     0 

2.5 

2.2 

•J.  4 

6.71 

2.5 

2.2 

2.1 

6.71 

This  light-table  presents  a  peculiarity  well  worth  remark. 
While  before  minimum  the  rate  of  change  is  nearly  uniform, 
there  is  a  well-marked  retardation  in  the  rate  of  increase 
about  half  an  hour  after  minimum.  This  interruption  ap- 
pears in  the  curves  of  both  1.SX2  and  1883,  although  more 
decided  in  the  former.  Slight  as  it  is,  I  did  not  feel  at 
liberty  to  neglect  it  in  the  drawing,  for  although  it  may 
prove  to  be  subjective,  it  seems  to  be  an  actual  result  of  ob- 
servation, and  not  merely  accidental.  It  possesses  greater 
significance  from  the  fact,  of  which  I  was  not  aware  until 
after  this  discussion  was  completed,  that  Schonfki.d's  light- 
curve  of  S  Caucri  reveals  a  like  anomaly.  Algol,  too,  has 
exhibited  similar  symptoms. 

The  obvious  explanation,  that  this  was  merely  a  subjective 
phenomenon  —  due  to  bias  of  the  observer,  who,  perceiving 
that  the  minimum  phase  was  past,  might  at  first,  by  uncon- 
scious anticipation  accelerate,  and  afterwards  compensate  by 
retarding,  the  light-increase  —  led  me,  when  it  first  struck 
my  attention,  to  avoid  sedulously  any  such  anticipatory 
tendency.  But,  notwithstanding  this,  the  peculiar  behavior 
of  the  star  appealed  too  strongly  to  the  eye  to  be  ignored, 
being  equivalent  in  one  or  two  minima  almost  to  a  secondary 
phase.  It  should  be  noted  here  that  the  effect  is  more 
marked  in  the  individual  minima  than  in  the  mean  light- 
curve,  the  mode  of  whose  formation  would  tend  to  mask 
partially  an  ill-defined  phenomenon  of  this  sort,  the  amount 
and  interval  from  minimum  of  which  are,  either  really  or  ap- 
parently, different  at  different  times. 

The  importance  of  settling  definitively  the  true  nature  of 
this  anomaly  is  manifest;  for  a  demonstration  of  its  objec- 
tive character  would  seem  to  be  fatal  to  the  hypothesis  of 


eclipse,  which  has  long  afforded  a  plausible  explanation  of 

the  Algol-type  of  variability,  but  of  this  type  alone. 

The  comparison  of  the  above  light-table  \sith  the  indi- 
vidual comparisons  gives  as  the  probable  error  of  a  single 
observation  of  the  variable  by  Argelander's  method,  as- 
suming the  number  of  unknown  quantities  to  be  seven,  and 
reckoning  1  magnitude  =11  steps, 

M 

from  observations  in  1882,  ±0.053 

in  1883,  ±0.062 

"  "  before  minimum,  ±0.055 

"  "  after  minimum,  ±0.056 

From  all  the  observations,  ±0.0.").") 

a  satisfactory  result,  considering  that  so  many  of  the  com- 
parisons were  made  under  disadvantageous  circumstances. 

In  conclusion  I  give  the  following  tables  for  the  reduction 
and  comparison  of  observations  : 

Lioiit-Equation, 
To  be  added  to  observed,  to  obtain  heliocentric,  time. 


Date. 

Q— 0'.84* 

Eq. 

Date. 

O— o'.s4/ 

Eq. 

Jan. 

0 

28L0 

m 

—6.76 

July 

!l 

iot!i 

Ill 

+  6.64 

10 

290.2 

6.19 

19 

116.6 

5.87 

20 

300.1 

5.36 

29 

126.2 

4.96 

30 

31(1.6 

4.37 

Aug. 

8 

135.8 

3.91 

Feb. 

9 

320.7 

3.24 

18 

1  15.1 

2.75 

19 

330.8 

2.02 

28 

155.0 

1.50 

Mar. 

1 

340.8 

—0.7:; 

Sept. 

7 

164.7 

+  0.22 

11 

350.8 

+0.58 

17 

1  74  ."> 

—1.06 

21 

0.8 

1.87 

27 

184.3 

2.32 

31 

Ki.7 

3.11 

Oct. 

7 

194.1 

3.51 

April 

10 

2(1..", 

4.25 

17 

204.0 

4.60 

2(1 

30.3 

5.27 

27 

214.0 

5.55 

30 

40.0 

6.14 

Nov. 

6 

221.0 

6.33 

May 

10 

■lit.  7 

6.83 

16 

234.1 

6. '.(2 

20 

59.3 

7.32 

26 

244.2 

7.30 

30 

68.9 

7.61 

Dec. 

6 

254.3 

7.45 

June 

9 

78.5 

7.68 

16 

264.5 

7.37 

19 

88.0 

7..")  3 

26 

271.7 

—7.06 

29 

1)7. 6 

+  7.18 

The  above  table  of  light-equation  is  computed  from 
454". 0  R  sin  (O  +  13°  34'. 7),  for  the  year  1882,  but  will 
answer,  strictly,  for  other  years  by  entering  with  the  argu- 
ment indicated  in  the  second  column,  where  O  is  the  sun's 
true  longitude,  and  t  =  year  —  1882.  Generally,  however, 
it  will  be  sufficiently  accurate  to  enter  merely  with  the  date. 

We  may  avail  ourselves  of  the  following  relations  of  near 
commensurability  of  the  period  20h  7m  41s. 6  with  the  mean 
solar  dav.  ,„     , 

31  Periods  =  26  davs  —  1  30.4 
434  Periods  =  364  days  —  21  5.6 
to  give  an  ephemeris,  in  a  very  compact  and  convenient 
form  :  which,  besides  serving  particularly  for  1888,  shall 
also  serve  as  a  basis  for  a  general  ephemeris.  by  which  the 
exact  computed  Greenwich  time  of  minimum  on  any  given 
day  of  any  year  may  be  very  quickly  arrived  at.  by  the  ap- 
pended precepts. 
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Tables  from  the  Elements,  1884  Jan.  ld  D"  4.7"  2215.  Gr.M.T.+20h  7m41s.6  (E-1070)  —  0.0002 E2 

Table  I.     Ephemeris  of  U  Ophiuclii  for  1888.     Heliocentric  Greenwich  M.T. 


2843 

2874 

290S 

2936 

2967 

2998 

3029 

3060 

3091 

3122 

3153 

3184 

Green- 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

wich 

2873 

2904 

2935 

2906 

2997 

3028 

3059 

3090 

3121 

3152 

3183 

3214 

M.  T. 

Jan. 26 

Feb.  21 

Mar.  18 

Apr.  13 

May    9 

June    4 

June  30 

Julv  26 

Aug.  21 

Sept.  16 

Oct.   12 

Nov.    7 

h         ni 

23  56.6 

27 

22 

19 

11 

10 

5 

July     1 

27 

22 

17 

13 

8 

2(1    4.3 

28 

23 

20 

15 

11 

6 

2 

28 

23 

18 

11 

!l 

16  12.0 

29 

24 

21 

16 

12 

7 

3 

29 

24 

19 

15 

10 

12  19.7 

30 

25 

22 

17 

13 

8 

4 

30 

25 

20 

10 

11 

s  27.4 

31 

26 

23 

18 

14 

it 

5 

31 

26 

21 

17 

12 

4  35.1 

Feb.    1 

27 

24 

19 

15 

10 

6 

Au»'.    1 

27 

22 

is 

13 

0  42.8 

1 

27 

24 

19 

15 

10 

6 

1 

27 

22 

18 

13 

20  50.5 

2 

28 

25 

20 

16 

11 

7 

2 

28 

23 

19 

14 

10  58.2 

3 

29 

26 

21 

17 

12 

8 

3 

29 

24 

20 

15 

13    5.9 

4 

Mar.    1 

27 

22 

18 

13 

0 

4 

30 

25 

21 

16 

9  13.5 

5 

2 

28 

23 

19 

14 

10 

5 

31 

26 

22 

17 

5  21.2 

6 

3 

29 

21 

20 

15 

11 

6 

Sept.    1 

27 

23 

IS 

1  28.9 

6 

3 

29 

24 

20 

15 

11 

6 

1 

27 

2.". 

18 

21  36.6 

7 

4 

30 

25 

21 

16 

12 

7 

2 

28 

24 

19 

17  14.3 

8 

5 

31 

26 

22 

17 

13 

8 

3 

29 

25 

20 

13  52.0 

9 

6 

Apr.     1 

27 

23 

18 

1  1 

9 

1 

:;n 

26 

21 

9  59.7 

10 

/ 

2 

28 

21 

19 

15 

10 

5 

Oct.       1 

27 

22 

6.  7.4 

11 

8 

3 

29 

25 

'  20 

16 

11 

6 

2 

28 

23 

2  15.1 

11 

8 

3 

29 

25 

20 

16 

11 

6 

2 

28 

23 

22  22.8 

12 

9 

4 

30 

26 

21 

17 

12 

7 

3 

29 

24 

18  30.5 

13 

10 

5 

May    1 

27 

22 

18 

13 

8 

4 

30 

25 

11  38.2 

14 

11 

6 

*     2 

28 

23 

19 

14 

9 

5 

31 

26 

10  45.9 

15 

12 

7 

3 

29 

21 

20 

15 

10 

6 

Nov.    1 

27 

6  53.6 

16 

13 

8 

4 

30 

25 

21 

16 

11 

7 

2 

28 

3    1.3 

16 

13 

8 

4 

30 

25 

21 

16 

11 

7 

2 

28 

23    9.0 

17 

14 

9 

5 

31 

26 

22 

17 

12 

8 

3 

2D 

19  16.6 

18 

15 

10 

6 

June    1 

27 

23 

18 

13 

9 

4 

30 

15  24.3 

19 

16 

11 

7 

2 

28 

24 

19 

14 

10 

5 

Dec.     1 

11  32.0 

20 

17 

12 

8 

3 

29 

25 

20 

15 

11 

6 

2 

7  39.7 

21 

18 

13 

9 

4 

30 

26 

21 

16 

12 

7 

3 

3  47.4 

m 

m 

IN 

m 

m 

111 

111 

m 

in 

m 

in 

m 

+  9.0 

+  7.5 

+  6.0 

+  4.5 

+  3.0 

+  1.5 

0.0 

—1.5 

—3.0 

—4.5 

—6.0 

— 7.5 

Table   II.     For  (21m  5».6)  t 
Argument,  t,  difference  between  calendar  year  and  L888. 

Correction  {^^}  1888. 


Table  III.     For  0S.0002  E2 
Correction  always  negative. 


t 

Corr. 

t 

Corr. 

t 

Corr. 

t 

Corr. 

li         m 

h        m 

h         ni 

h          m 

1 

0  21.1 

11 

3  52.0 

21 

7  23.0 

31 

10  53.9 

2 

0  42.2 

12 

4   13.1 

22 

7  44.0 

32 

11    15.0 

3 

1     3.3 

13 

4  34.2 

23 

8     5.1 

33 

11   36.1 

4 

1   24.4 

14 

4  55.3 

24 

8  26.2 

34 

11  57.2 

5 

1   45.5 

15 

5  16.4 

25 

8  47.3 

35 

12   18.3 

6 

2     6.6 

16 

5  37.5 

26 

9     8.4 

36 

12  39.4 

7 

2  27.7 

18 

5  58.6 

27 

9  29.5 

37 

13     0.4 

8 

2  48.8 

18 

6   19.7 

28 

9  50.6 

38 

13  21.5 

9 

3     9.8 

19 

6  40.8 

29 

10  11.7 

39 

13  42.6 

10 

3  30.9 

20 

7     1.9 

30 

10  32.8 

40 

14     3.7 

E 

Corr. 

E 

Corr. 

E 

Corr. 

200 

Ill 

0.1 

2200 

m 

16.1 

4200 

m 

58.8 

400 

0.5 

2400 

19.2 

4400 

64.5 

600 

1.2 

2600 

22.5 

4600 

70.5 

800 

2.1 

2800 

26.1 

4800 

76.8 

1000 

3.3 

3000 

30.0 

5000 

83.3 

1200 

4.8 

3200 

34.1 

5200 

90.1 

1400 

6.5 

•3400 

38.5 

5400 

97.2 

1600 

8.5 

3600 

43.2 

5000 

104.5 

1800 

10.8 

3800 

48.1 

5800 

112.1 

2000 

13.3 

4000 

53.3 

6000 

120.0 

140 


THE  ASTRONOMICAL  JOURNAL 


N°-  162. 


Precept  I;  for  any  given  date  in  1SSS.  Euter  Table  I 
with  the  given  date,  and  take  the  time  in  the  same  horizontal 
line  in  the  last  column,  applying  the  correction  at  the  foot 
of  the  date  column,  and  also  the  correction  interpolated 
from  Table  III.  The  number  of  the  epoch  E  can  be  readily 
reckoned  from  the  head  of  the  date  column  in  Table  I,  which 
gives  the  number  of  the  first  and  last  epochs  in  that  column. 

Example:  —  What  minimum  falls  on  1888  May  17? 

(1       h  in 

From  Table  I,                                            1888  May  17  13    5.9 
I,  +   3.0 

III,  argument  E  =  2970, —29.5 

E  =  2976,  Greeuw.  M.T.  =  1888  May  17  12  39.4 

Precept  II;  for  any  given  date  in  any  year  other  than 
1S8S.  Increase  the  difference,  disregarding  sign,  between 
the  year  and  1888,  by  the  number  of  complete  multiples  of 
4  contained    in   it,  and  also  by  unity   if  the  given  date  is  in 

f  March  to  December  \    ,  ilnjl  ( Iriore  1  ,  S9S 

<  T  .,  ,  ...,,,.,.    ot  a  ion  non   veai  ,    ,...,  „   >  looo. 

I  January  or  February  J  -         (  alter  i 

|  S"Xlt1','ju'n  the  number  thus  found,  treated  as  a  number  of 

days,  {frtom}the  g^en  date,  if  J  h^™}  1888,  and  with  the 
resulting  date  euter  Table  I;  the  time  in  the  last  column, 
after  applying  the  collection  at  the  foot  of  the  date  column, 
and  also  the  corrections  in  Table  II  and  III,  will  be  the  re- 
quired Greenwich  M.T.  of  the  minimum  falling  on  the  given 
date  ;  or  on  the  day  following  the  given  date,  if  in  the  year 
2000,  or  later.     The  number  of  the  epoch  will  be  that  cor- 

Cambridge,  1887  October  5. 


responding  to  the  date  with  which  Table  I  was  entered, 
{  "r)lusS  las  many  multiples  of  434  as  the  given  year  is 
{bae/°rre}l888. 

Example  1.     To  find  the  computed  time  of  the  minimum 

falling  on  1882  Aug.  11 

ls.s.s 


Difference 
No.  multiples 

Also 
For  this  date, 


Aug.  3 


E  3069     Table  I   gives                        13  5.9 

434  X  6  =  —2604         "     I      "  —  0  1.5 

"     II     "  +    2  6.6 

"     III  "    (E  =  465)  —  0.6 


E  =  465 


d        h         m 

G.  M.T.  =  1882  Aug.  11   15  10.4 


Example  2.     To  find  the  computed  time  of  the  minimum 
falling  on  1892  Feb.  11 

1888 


Difference 

No.  multiples 

Also 

With  this  date, 


Feb.  16 


E  2867    Table  I   gives                           3  1.3 

434X4  = +1736         "     I      "                         +0  9.0 

"     II     "                            —1  24.4 

"     III  «    (E  =  4603)  —1  10.6 

d  h        in 

E  =  4603       G.M.T.  =  1892  Feb.  11      0  35.3 


OX  A  METHOD  OF  COMPUTING  AX  OEBIT  FROM  THREE  OBSERVATIONS. 

By  Rev.  GEORGE  M.   SF.ARLE. 


The  special  application  of  this  method  is  to  the  case  of 
cometary  orbits,  it  being  arranged  so  as  to  serve  for  a  para- 
bolic hypothesis  which  can  be  changed  to  an  elliptical  one 
for  the  nest  approximation,  should  the  indications,  furnished 
•  by  the  method,  point  that  way. 

The  unknown  quantities  selected  are  first  the  ratio  of  the 
triangles  contained  by  the  radii  and  chords  in  the  orbit  be- 
tween the  first  and  second  observations,  and  the  second  and 
third  ;  secondly,  the  semiaxis  major  of  the  orbit. 

The  assumption  of  the  rati"  above  mentioned  gives,  as  is 
well  known,  a  relation  between  the  first  and  third  distance 
of  the  body  from  the  earth ;  a  distance  for  the  first  obser- 
vation is  then  found,  by  trial,  such  that,  witli  the  third  dis- 
tance deduced  from  it,  the  equation  for  the  elapsed  time  is 
satisfied  by  the  two  radii  vectores  and  intervening  angle  or 
chord.  Since  the  ratio  of  the  triangles  has  been  assumed  as 
a  basis,  it  is  clear  that  the  direction  of  the  middle  radius 
vector  corresponding  to  this  hypothesis  is  now  known  ;  and 
it  must  meet  the  line  of  sight  given  by  the  second  obser- 


vation, and  be  thus  also  determined  in  length.  The  formulas 
which  give  the  length  of  the  middle  radius  vector  in  terms  of 
the  ratio  of  the  triangles,  the  first  distauce  of  the  body  from 
the  earth,  the  other  radii  and  included  angles,  and  known 
quantities,  are  not  new:  but  as  the  known  quantities  are 
connected  witli  others  which  are  to  lie  used,  it  will  In-  well  to 
develop  them  here. 

Let  then    I. '/.'./.'.  "    be  three  observed  longitudes 

and  latitudes  of  a  planet  or  comet :  t,  t',  t"  the  correspond- 
ing times ;  L.  L\  L",  /.',  1!'.  H"  the  corresponding  longi- 
tudes of  the  sun  and  radii  vectores  of  the  earth. 

Let  r.  /•'.  /■"  lie  the  radii  vectores  of  the  planet :  2/,  -f.-f 
the  angles  between  r'and  /•".  /-and  /•".  rand  r'  respectively ; 
/),  /}',  p",  the  distances  from  the  earth  to  the  planet,  projected 
on  the  plane  of  the  ecliptic. 


Let  r'  r"  sin  2/=  /*  ;       /•/•"  sin  2/ '  =  «' ; 


rr'  sin  ■2f"=n" 
-L)=  A; 


Rl!"  sin  (  L"—L')  =  X:  /,'/,' '  sin  |  /.  - 

/,•/,"  Sin  (L'—L)  =  N". 
Let  .>•.  '/,  v.    .r',  y',  :'.    .!•",  //",  z"  be  the  rectangular  coordi- 
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nates  of  the  cornet  or  planet,  the  plane  of  the  ecliptic  being 
that  of  xy,  the  positive  axis  of  z  running  north  ;  that  of  x  to 
longitude,  L ;  that  of  y  to  longitude  Z+'JO0. 
We  have  then 

y  =  2    sin(/  — L)  cot  pn 
V  =  z    sin(i'— L)  cot  |3'  —  R'  sin  (7/  —  L) 
y"  =  z"  sin(l"— L)  cot  6"  —  B"  sm{L"—L) 
iS_  _    y'z—yz    _ 
n'   ' 


Hence 


z'  [sin(;.'  —L)  cot  p"  —  sm(X-L)  cotp1]  —  22'  sin  (2/  —X) 
~~  z"  [siu(r— L)  cotp'"—  sin(;.— i)  cotp']  —  22" sin (7/'— L) 

'  n  n ' 

Similar  expressions  may  be  obtained  for  — „-aud  —  by  put- 
ting the  axis  of  x  at  U  aud  L" .  Multiplying  these  three, 
numerator  and  denominator,  by  22,  A"  and  R"  respectively, 

and  making 

sin  (P.  — L  )  cot  p  =  in 
sin(/.' — L'  )  cot  f5'=  m' 
aia{X"—L")  cotp"  =  m" 

— R    [sin(/.' — L  )  cotp" — m  ]=« 
R'  [sin(i"— L' )  cot  f— m']  =  a' 
—R"[sm(X'—L")  eo)  ,:  — m"]  =  <z" 

22  [siu(/."— 2,  )  cot  (1" — m  ]=6 
—22'  [sin(i  —X'  )  cot  (3  — m']  =  &' 
R"  [sin(;.r  —  77)  cot  p"  — m"]  =  b" 


we  shall  have 
W'        N"+  az' 
n' 


X'—bz" 


TV  —  a'z" 
;  TV"—  b'z 


n 


X' 


TV  +  b"z> 


The  following  relation  exists  between  a,  a',  a",     b,  b',  b" : 

a  y  _  //'X"  =  a'Jf  —  &TV=  a"N"  —  b'N' 

=  mRN—  m'R'X'+ia"R"N" 

It  can  also  be  shown  that 
bb'b"  —  aa'a"  sin(?."— X')  sm(X"—X)    ,      sin(A'— X) 

aX—  b,r¥'T  '  '    tan  p"  tan  f        tanjStanfl"        tan  §  1 

This  quantity  we  will  denote  by  /J- 


We  will  now  denote  --„.  the  ratio  for  our  principal  unknown 
quantity,  by  e  :  make  V  tan  p  =  &„,  and  a'  tan  p"  =  "„. 
The  equation  for  —  then  can  be  written 


K        ,N—vN» 
p'  =  v  —  •  p+  — 


or,  making 


v  -u  =  M    and 


N—vN" 


=  6, 


p"  —  Mp+l 
which  is  the  relation  between  the  first  and  third  distances 
above  referred  to. 

To  ascertain  the  value  of  ft  corresponding,  for  any  as- 
sumed value  of  v,  to  the  time,  we  must  have  formulas  for 
finding  ;\  /•".  and  the  connecting  chord,  which  we  will  denote 
by  k,  from  given  values  of  p,  31  and  I.    We  will  begin  with  k. 

We  have 
k"  =  /<-  sec-  p"+  ft" 2  sec-  p"  —  ■2epft"+if+  2yp  —  2fp" 
in  which     e  =  cos(/." — /.) -ftan  p1  tan  p"*,  g  is  the  chord  in 


the    earth's   orbit   between    the  first   and    third    place,   aud 
Y  =  g  cos  (  G— X ) ,    f  =  cj  cos  ( G — X") , 

G  being  the  longitude  of  the  first  place  seen  from  the  third. 

;/  aud  G  are  most  conveniently  obtained  by  equations 
g  sin(  G—L)  =  R"  sin(L"—L) 
g  cos ( G—L)  =  R"  cos  (27'— 2,)  —  R 

Putting  now     p"  =  Mp+l     into  this  expression  for   «2, 
and  making 

sec2  pn+ M-  sec2  p"'  —2Me  =  Jf 
Mr"-r  =  ,j. 
aud  e  —  M  sec2  p1"  =  a 
,'i.  +  al 

we  have 

k-'  =   [hp  —  i]*+  [g-  —  2/l+Psec2l}"—f-2 
which  we  will  write     k2  =  u2-{-A2 

This  calculation  may  with  some  advantage  be  arranged  as 
follows : 


We  have,  since 

Hence 

Hence 

and 


N—  ,-N" 


"n 


TV —  ftp  I 
X" 


X"         la-" 


«„   J*"       X" 

h   TV    „  b0 


fl  =  a0Wr 


X 


i,  7 


l^r)***ge.-i 


X 


which  we  may  write 
We  have  then 


=  s'+sl 


■  Zy-r+^-^i+sP 


yi  y 

or,  as  we  may  again  write, 

lt  +  al=    s'"+s"l+sP 
.       s'"+s"l+sl2 

J=  — h — 

We  have  also  lr  =  sec2  p1  —  e2  cos2  (3"+  a2  cosJ  p" 

If  then  we  make 

e'2=sec!  ^sec  //' — eL'=  sec2jS  sec2|3"sin25 
we  have  7r'=  [c'2+ct2]  cos2  pn"  ;  heuce  it  is  always  positive. 

s'+sl  e'cos(3" 


Making  then 


tan  « ; 


e  cos  e 

h  is  most  conveniently  taken  positive,  though  it  is  in  fact  in- 
different. Changing  its  sign  changes  those  of  ('./,/",  c,  /'and  u. 

For  r2,  r"2,  we  have 

/•-'    =  fr     sec2  p'  +R2    — 2f>  R   cos(/  — L  ) 
r"-  =  p"  z  see2  p'"+22"2  —  2ft" R!'  cos(A"— L") 

ii  +  / 
putting  in  the  last,     ft  =  — — ,     and  making- 
cos  -J    cos(/  — L  )  zr  cos  <p 
cos  p"  cos(/"— L")  =.  cos  if 

R  sin  tf>  =  B  It  cos  (3  =f 
— R  cos  ip  =  C  h  cos  p"' , 

R"  sin  <p"  =  B"  M      ~* 

—R"  cos  if>"  =  C"  i+f  G  —c 

i+j"  C"  +  f"l sec  p=c" 


*  e  =  sec  ji  sec  .3"  cos  6,  denoting  by  6  the  angle  between  the  first  and  third  geocentric  places  of  the  heavenly  body. 
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n  +  c" 

r 


+  B"- 


we  have     r=( — —  )  +  B-        r 

These  formulas  are  similar  to  those  of  Olbers's  method; 
but  the  quantities  iu  some  eases  have  a  different  meaning, 
aud  there  are  a  greater  number  which  are  computed  once  for 

all.  

The  value  of   u  cau  now  lie  varied  till  the  parabolic  or 

elliptic   equation    for    time    is    satislied.     Nome   assumption 

must  here  be  made  as  to  the  parabolic  or  elliptic  form  of  the 

orbit.     Indications  of   hyperbolic  motion  are   hardly  worth 

attending  to. 

r 
We  next  have/1  from  r,r" and  k,  and,  making  tan  &=  v— , 

tan  (/—/")  =  tan  (5— 45°)  tan/' 


We  have  uow  to  deduce  /•'.  The  object  of  this  is  to  find, 
from  the  three  places  where  the  lines  of  observation  cut  the 
plane  determined  by  p  aud  />",  the  form  of  the  orbit  and 
value  of  the  semiaxis  major,  which  cau  be  ascertained  inde- 
pendently of  the  times;  also  to  obtain  values  of  ij  and//', 
the  ratios  of  the  sectors  iu  orbit  between  the  second  and 
third,  and  first  aud  second  places,  respectively,  to  the  cor- 
responding triangles.     Having  obtained  them,  we  shall  have 

,"    (f-f) 


a  new  value  for     r 


',     (t'—t) 


Yl  11 

We  have  then  from  the  equations  for     ,  and —above,  elim- 

n  n 

inatiug  z', 

"„   [« .V—  WN"~\  =  66V  —  b"N '  —  r[ua"z  —  aJV'] 

V  X—rX" 

Putting  now  for  z"  its  value  ;■—•«+  -    — , ,  we  have 

°  a'  a' 


T,  [aN—b"N"'}  = 


(    xri      bb"  w*\j.     (Wh"  »\      f  wxn      66V 

Writing  the  coefficient  of  r, 

a(a'N'—bN)  +b(aN—b"N") 


and  remembering  that 


a'N'  —  bN=  uN—b"X\ 


,      ..      «+&,     r,      bb'b"  —  aa"a'  ,,      _, 

we  have,   denoting  ~^-  by  Q,   a,raN_l/N„-,    ta»  I3  bJ  Q  > 

b" 
and     —  -  by  Q" , 

j£  =  Q  r+Q'  vp+q>  or  ~=  Q+Q'p+Q"  <•-> 

This  may  be  written 

, r"  siu  2/  cosec  2/"    _  r  sin  2/'cosec  2/ 

~W+Wp  +  W~    '  Q+Q'p+Q"*11 


For  a  check  we  may  compute,  once  at  least, 

,_  Nz  +  N"z"—  (a'+b')zz" 

Z  ~  N'  —(a"  +b")z—{a+b)z"  —  Pzz"  ' 

z  and  z"  being  obtained  from  />  and  p"  ;  then  p'  =  z'  cos  fi' ; 

r' 2=p'°-  sec2  p'+R' "  —  272'//  cos(/.'— L') 
or       =z'2  cosec8  p  +  li' -  —  2R'  cos(/.'—L')eot  [i'-z' 

From  r,  r',  ;•"  and   the    intervening   angles,  the   semiaxis 
minor,   b,   can   be  deduced  by  making 


S 


sin/  _    sin/' 

rii  '  °  —  ,"TT 


•  i   '-'" — 7jT 


sin/" 


9-  sin  /'  sin  /"  r<  siu  f"  siu  /  '  r"  sin  /  siu  /' 

Then  making     S„  =  S'  —  ( S  +  S" ) ,         we  have 
&-*  =     SS"  —  iSJ 

We  also  have,  for  the  parameter  p,  the  equation 

_  2 

p  ~  S  cot  f—S'  cot  f'+S"  cot  f 

Hence  we  should  have  for  a 

S  cot/—  S'  col  f'+S"  cot  f" 
a—  2SS"  —  $S<? 

Hut  as  p  can  on  the  whole  be  better  determined  from  the 
time,  the  following  formulas  may  be  used  iustead,  though 
the  one  above  gives  the  value  strictly  corresponding  to  the 
three  places,  and  is  good  when  the  angles  are  large. 

We  have  for  ?/,  the  ratio  of  the  sector,  between  r,  r"  aud 
the  orbit,  to  the  triangle  between  r  r"  and  k,  the  expression 

liv' 
i}'=  1+  -—[sin2 1  x  sec  x  +sin-  \  g'J 

o 

in  which  y  =  sin_1       -—=■.     and  '/'  is  half  the  difference  of 
A  r+r 

s—d   . 
in 


eccentric  anomaly  between  r  aud  /',     and  equal  to 
the  equation 

(«— 8)  —  (sin  e— sin  8)  =     «(t"—t)  a~f 
1 


and  w'  =.- 


,  ;'  having  the  meaning  given  to 


"1 —  £(sin2£gr' — c') 
it  in  the  Theoria  Motus. 

Then  r/  being  obtained,  we  have 

,-        r,'  rr"  sin  2/'  ,  .        ._, 

V*  =    *y-Q      aud    «-1  =  6> 

To  obtain  15  and  r/'  we  compute  ;/  and  ;/"  from  the  formulas 
6"2    1  &~3    1 

¥'s"  sm~*=v's 

-  «-J— ; ^w.  -J?'  siu  rtan  r' 
■r 


sm-gi  =  ; 
Then         »  =  1  -f 


1  + 


2yV 

3i3 


«"Vc  sin/"  tan/' 


Then  r  for  the  next  hypothesis  = 


,    (f— ») 


The  logarithm  of  w  will  have  nearly  a  constant  ratio  to 
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the  natural  quantity     sin2 ;/.       Putting  then  this  ratio  =:  W, 
we  have  log  w  =  W  sin-  g 

or  log  .  log  w  =  log  W+  log  sin-  g 


or  approximately,  for  moderate  values  of  g, 

=  log  sin-'  0  +  0.1707  sin2  g —  0.88514 
The  following  is  a  table  of  log  TV  for  argument  sin2  g. 


sin2  g 

log  W 

sin-  y 

log  W 

sin-  g 

log  W 

Mir  ;/ 

log  W 

0.000 

9.11486 

0.010 

I).  11657 

0.020 

9.11827 

0.030 

9.11998 

.001 

11503 

.011 

11674 

.021 

11844 

.031 

12015 

.002 

11520 

.012 

11692 

.022 

11861 

.032 

12032 

.003 

11537 

.013 

11709 

.023 

11878 

.033 

1 2049 

.004 

1 1 554 

.(il  1 

11726 

.024 

11895 

.034 

12066 

.005 

11571 

JH5 

11743 

.025 

11912 

.035 

12084 

; 

11588 

.016 

11760 

.026 

11930 

.036 

12101 

.007 

11606 

.1117 

11776 

.(127 

119-17 

.037 

12118 

.008 

11623 

.018 

11793 

.028 

11964 

.038 

12135 

0.000 

9.11640 

0.019 

9.11810 

0.029 

9.11981 

0.039 

9.12152 

Recapitulation  of  Fobmulas  fob  Prachcax  Computation. 

A  =  R'R"sm(L"—L') 
N'=RR"  s\a(L"—L) 
X"  =  RR'  aia(L'-L) 

in'  =  sin(/.' — L' )  cot  p" 

(to  =  R'  [sin  (i."—L'  )—m'  tan  p"'] 
b0  =  R'  [>,»'  tan  .-;  —  sin(/— L')] 

Q0=  ~  [sin(;."— L")— siu(/.'— L")  tan  (3"  cot /3'] 

e   =  cos(/." — /)  +tan  (3  tan  i" 
e  =  +  V  sec2  £  sec2  ff"  —  <T~ 

cos  d>  =  cos  p'  cos(/ — L) 

cos  <p  =  cos  p'"  cos(/." — L") 

B  =  R   sin  <!>    )    , 

B"=R" sin  d'"    ralwaJs  positive 

C  =  —  R  cos  d- 
C"=— R"  cos  <<■" 

'  g  sin(G— L)  =  R"  sin(L"— L) 

</  cos  (  G—  L )  =  R"   cos ( L— L) 

r  =gcos(G— ;.) 
jf-g  cos  ((?—;.") 

.    =^,sec2p"' 


« 


s'  =  e- 


A 


s"  =s 


a0 

N_    b^ 
a*'  A 


t,  r  ■ 


These  quantities  are  computed  once  for  all. 

For  the  first  hypothesis,  if  no  better  value  is  known,  take 

A  '    , 

''  —  t;,-,  )  so  that  /  =  o  ;    and  assume  a  parabolic  orbit  or 

some  value  of  the  semiaxis  major. 


For  each  hypothesis  compute 

M  =  iK: 
«o 


N—rN" 


tail  £ 


_  s'+sl  _  e'eosp1" 


s'"+s"l+sl- 


.  I2  =  g-  —  2  r"l  +  P  sec2  p'"  -  f- 
f  —  h  cos  p'  c   =  ?'+/  C 

/•"  =  h  cos  p1"  c"  = »+. /-"C"  +/"  j  Sec  jS" 

Then  determine  «,  r,  and  ■/•",  by  assuming  u,  and  making- 


tan  o-  =  —. 
A 


tan  t, 
tan  r 


M  +  C 

M  +  c" 


COS  ff 


and  satisfying  the  equation  for  time 


cos  f 

■Bff 
"cos  £" 


(r+r"+K)2  —  (>•+/•"— *)  2  =  6Jc(t"—t) 
or     («■—  5)  —  (sin  t— sin  8)  =  k(t"—t)a~^ 


in  which  sin2^  e  = 

We  have  then 


)•+?•"+> 
4a 


sin2  ^  5  r= 


?•+?■" 


la 


cos2/ 
sin2/ 


tan  fl  =  v 
Then 


H+i 

h 


_  {r+r"+K)(r+r"—K) 
4rr" 

(K  +  r—r")(K  +  r"—r) 
\rr" 

tan(/—  f)  =     tan(fl — 15°)  tan/ 
,  /•  sin  2/  eosec2/ 


A*-1  A'+fA,  ;•-'/+  Q',j 


S-. 


sin/  c"__    sin'?V 


sin/' 


sin/  sin/'  »•'  sin/'  sin/  )•"  sin/sin/ 

S0  =  S'—  (S  +  S")  b~-  =  ss"  —  i  sj 

[The  computation  of  S,  S',  S"  and  b  need  not  be  made  in 
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a  parabolic  hypothesis  till  one  or  two  approximations  have 
been  made  for  >■ ;  it  then  gives  a  test  for  ellipticity.] 

4?«' 


sin  X  =  ^j-r,  v'  =  1  +—  [sin2 1  x  sec  +  x  sin2 1  g'] 

in  which     g'  =  i  (c — d)      and    is   zero  for   the    parabola  ; 
to'  is  equal  to  unity  for  the  parabola,  as  also  w  and  vo". 
_  r/  r  r"  sin  if 


1  k(f'—t) 

If  b  has  been  computed  ;  then 

b-1      1 


sin-  y 


S'   '  #" 


Sllr  ;/ 


b~2     1 


Then 


2V*77       — 
>!  =  1  +  — ~ — ic-Jr"  sin  f  tan  /" 
op 

r'"=1  +  2^fW"Vrsin/'tan/" 


Then  for  the  next  hypothesis  >• 


and 


_  r/'  (t"-f) 

-   r,     (t'-t) 

=   b~- p. 


in  which,  and  above,  we  may  compute  p  if  the  angles  are 
tolerably  large,  or  as  a  check  for  the  final  approximations, 
by  the  formula 


P=« 


S  cot/—  8'  cot/-KS"cot.f 


Finally,  p  and  p"  =  Mp+l  having  been  correctly  ob- 
tained, with  the  semiaxis  major,  the  elements  are  easily 
computed  by  any  method  preferred. 


TWO   HUNDRED   SEYEXTY-FIRST   ASTEROID. 

A  planet  of  the  eleventh  magnitude  was  discovered  by  Knorre  at  Berlin.  October  13.     Its  position  was  subsequently 
determined  as  follows : 

October  16.5219  Greenw.  M.T.     a  =  18°  8'  1  2"  8  =  +  12°  1'  32"       Daily  motion  in  a  — 0=  12' ;  in  5  0°  4'  southward. 


EPHEMERIS   FOR   MENTMA   OP   THE   TWO   XEAV  ALGOL- VARIABLES. 

By  S.  C.  CHANDLER,  Jr. 

RCanis  Majoris;  7"  13'"  49%  — 16"  9'.7   (187 
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The  particulars  of  the  new  determination  of  the  elements  on  which  the  above  ephemerides  are  based  will  be  given 
in  a  subsequent  number  of  this  Journal. 
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Investigation  of  the  Light-Variations  of   U  Ophiuchi,  by  Mr.  S.  C.  Chandler,  Jr. 

On  a  Method  of  Computing  an-  Orbit  from  Three  Observations,  by  Rev.   George  M.   Searle. 
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ON  THE  INEQUALITIES  OF  LONG  PERIOD  IN  THE  MOON'S  MOTION  ARISING 

FROM  THE  ACTION  OF   VENUS. 

By  JOHN  N.    STOCKWELL. 


1.  In  the  year  1846  Hansen  announced  that  lie  had  dis- 
covered two  inequalities  of  long  period  in  the  moon's  motion 
arising  from  the  attraction  of  Venus.  Astronomers  bad  long 
sought  in  vain  for  such  theoretical  inequalities  in  the  moon's 
motion,  but  had  been  unable  to  find  any  depending  on  the 
action  of  either  the  sun  or  planets.  The  discordances  be- 
tween the  accepted  theory  of  the  moon's  motion  and  obser- 
vation, had  long  been  such  as  to  favor  the  belief  in  the 
existence  of  such  inequalities  ;  and  hence  astronomers  wel- 
comed this  announcement  by  Hansen  as  putting  a  finishing 
touch  to  a  theory  that  had  exercised  the  ingenuity  of  mathe- 
maticians and  astronomers  during  nearly  two  centuries. 

These  inequalities  were  duly  incorporated  as  legitimate 
parts  of  the  lunar  tables  ;  and  the  elements  of  the  moon's 
orbit  were  corrected  so  as  to  be  in  conformity  with  them. 
The  tables  thus  rectified  seemed  to  represent  with  great  pre- 
cision the  observed  places  of  the  moon  dining  a  long  series 
of  years  ;  and  it  was  confidently  predicted  that  no  further 
corrections  to  the  theory  and  tables  of  the  moon's  motion 
would  be  required.  The  authority  on  which  the  existence 
and  amount  of  these  inequalities  rested  seemed  to  be  a  suf- 
ficient guarantee  of  their  legitimacy  ;  and  it  was  nearly  a 
dozen  years  before  any  attempt  was  made  to  verify  them  by 
other  astronomers.  In  the  mean  time  the  new  tables  had 
been  published  and  used  in  the  computations  of  the  Nautical 
Almanacs  and  other  astronomical  ephemerides. 

2.  The  periods  of  these  inequalities  are  two  hundred  and 
seventy-three  years  and  two  hundred  and  thirty-nine  years 
respectively ;  and  the  variable  parts  of  the  arguments  are, 
for  the  first  inequality,  the  moon's  mean  anomaly  plus  sixteen 
times  the  earth's  mean  longitude  minus  eighteen  times  the  mean 
longitude  of  Venus;  and  eight  times  the  mean  longitude  of 
Venus  minus  thirteen  the  mean  longitude  of  the  earth,  for  the 
second  inequality. 

Hansen  found  for  the  coefficient  of  the  first  inequality, 
16".0;  afterwards  27". 4,  and  finally  in  his  Tables  of  the 
Moon  gave  15".34  as  its  value.     For  the  second  inequality, 


he  first  gave  23". 2  as  the  value  of  the  coefficient,  but  after- 
wards reduced  it  to  21". 47.  He  also  characterizes  the  de- 
termination of  these  inequalities  as  the  most  difficult  matter 
which  presents  itself  ill  the  theory  of  the  moon's  motion. 
Hansen  merely  announces  the  values  of  the  coefficients  of 
these  inequalities,  but  I  am  not  aware  that  he  anywhere  gives 
the  analysis  by  which  they  were  determined. 

3.  Delaunay  is  the  only  other  astronomer  who  has  busied 
himself  with  the  determination  of  these  inequalities.  In  the 
Additions  a  la  Connaissance  des  Temps  for  1862  Delaunay 
has  given  a  detailed  calculation  of  the  first  of  these  in- 
equalities ;  and  has  found  its  value  to  be  16". 02,  which  is 
very  nearly  the  same  as  first  found  by  Hansen.  And  in  the 
same  work  for  1863  Delaunay  has  also  given  a  similar  cal- 
culation of  the  second  inequality,  from  which  he  finds  its 
value  to  be  only  0". 272:1,  which  is  wholly  insignificant  in 
comparison  with  the  value  found  by  Hansen.  In  Vol.  XX IV 
of  the  Proceedings  of  the  American  Association  for  tin  Ad- 
vancement of  Science,  the  writer  has  given  the  result  of  a 
calculation  of  the  second  inequality  referred  to,  in  which  he 
obtains  a  value  identical  with  that  of  Delaunay;  and  it  is 
generally  conceded  at  the  present  time  that  the  coefficient  of 
the  second  inequality,  as  determined  by  Delaunay,  is  theo- 
retically correct. 

Although  the  close  agreement  of  the  results  of  Hansen 
and  Delaunay,  in  regard  to  the  value  of  the  coefficient  of 
the  first  inequality,  would  seem  to  be  very  strong  presump- 
tive proof  of  its  correctness,  unless  both  were  similarly 
vitiated  by  some  systematic  error,  and  might  properly  ex- 
cuse any  further  investigations  as  to  its  true  value,  I  have, 
nevertheless,  been  tempted  to  apply  a  different  method  of 
investigation  to  the  problem,  from  that  employed  by  De- 
launay ;  and  have  obtained  results  of  sufficient  importance 
to  merit  the  further  consideration  of  astrouomers.  Delaunay 
has  very  systematically  executed  his  calculations,  carrying 
his  approximations  to  terms  of  the  second  order  depending 
on  the  disturbing  masses  ;  and  has  published  them  in  such 
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shape  that  the  different  terms  of  any  order  may  be  readily 
compared  with  each  other. 

4.  Delaunay's  calculations  show  that  the  terms  of  the 
second  order,  with  respect  to  the  masses,  are  nearly  insensible 
in  comparison  with  those  of  the  first  order  ;  and  for  this  reason 
I  have  in  this  investigation  restricted  my  calculations  wholly 
to  terms  of  the  first  order.  The  calculations  are  necessarily 
divided  iuto  two  parts.  In  the  first  part,  I  have  given  the 
calculations  requisite  for  determining  the  values  of  the  forces 
arising  from  the  attraction  of  the  planet  on  the  moon;  and, 
in  the  second  part.  I  have  given  the  calculation  of  the  effect 
of  these  forces  on  the  motion  of  the  moon.  I  have  the  satis- 
faction of  finding  a  perfect  agreement  between  my  results 


and  those  of  Delaunay  in  so  far  as  the  determination  of  the 
forces  is  concerned;  but  in  the  calculation  of  the  effects  of 
these  forces  on  the  moon's  motion  I  have  obtained  a  totally 
different  value  ;  inasmuch  as  J  find  the  coefficient  of  the  in- 
equality to  be  only  0". 01  92,  whereas  Delaunay  has  found 
16".02  for  the  coefficient,  which  is  nearly  nine  hundred  times 
greater.  The  cause  of  this  discrepancy  will  be  fully  ex- 
plained in  the  course  of  this  investigation. 

5.  We  shall  now  investigate  the  forces  by  which  the 
planet  acts  upon  the  moon;  and  for  this  purpose  we  shall 
resume  the  consideration  of  equations  (.s)  and  (10)  which 
we  have  given  in  No.  158  of  this  Journal,  namely 


(1)     /=  \r'"+  r"-  —  2r'r"  cos  6"  eos(V— v")  \  -  ; 
.-..     „  ///"        «("/•",    3//<"rsin-0  m" r  (  ,   „ 


-+-  cos 
+  \rr' 


'.r 


-sin  V  sin  v 
•-'/■'/"sin  6  sin 


In  these  equations  m"  denotes  the  planet's  mass,  and  /"de- 
notes its  distance  from  the  center  of  the  earth  ;  /•.  u  and  8 
denote  the  moon's  geocentric  polar  coordinates  ;  and  the 
same  letters  with  one  and  two  accents  designate  the  helio- 
centric coordinates  of  the  earth  and  Venus  respectively.  If 
we  designate  the  mean  longitudes  of  the  moon,  earth  and 
Venus  by  nt  n't  n"t  respectively,  the  argument  of  the  pro- 
posed inequality  must  contain  the  terms  nt+lGn't — 1S//7, 
together  with  one  or  more  terms  which  are  functions  of  the 
the  perihelia  and  nodes  of  the  different  orbits.  In  this  in- 
vestigation we  shall  neglect  the  inclination  of  the  moon's 
orbit  to  the  ecliptic,  which  is  taken  as  the  fundamental 
plane  ;  we  shall  also  neglect  the  terms  of  the  second  order 
with  respect  to  the  disturbing  masses,  together  with  those 
which  have  the  ratio  of  the  moon's  distance  to  that  of  the  sun 
for  a  multiplier  ;  and  by  this  means  the  value  of  R  will  become 


■  cos2  d  sin-  6"  —  rr"  sin  6  sin  B"  +  \r"  2  cos2  0  cos20"  cos  2(v— v") 
""  cos  6"—  rr"  cos  6"\  cos(v—v")  +  ±r'2  cos2  0  cos  2{v— v  ) 
"\  cos  0  cos  (v—v")  —  r'r"  cos2  d  cos  8"  cos  (2v—v 


(3) 


B=-^+l"> 


T.,  sin2  6". 


4/8      \rr 

In  order  to  develop  this  equation  it  is  necessary  to  expand 
the  value  of  /in  the  form  of  an  infinite  series  of  the  multiples 
of  the  angle  /•'  —  v" .  We  may  put  the  value  of  /  under  the 
following  form  : 


f—  r'\  1  +  —,  —  2  '-  cos  6"  cos(V— v")  \  *  (4) 


This  equation  mav  be  developed  in  terms  of  the  variable 

r" 

ratio  —  and  the  multiples  of  the  true  difference  of  longitudes 

r'  and  v"  ;  and  then  corrections  may  be  applied  so  as  to  take 
into  account  the  ellipticities  of  the  orbits.  As  this  is  the 
method  of  development  employed  by  Delainay,  we  shall,  in 
order  to  be  wholly  independent  of  what  has  been  published 
on  the  subject,  proceed  in  an  entirely  different  manner.  The 
ecliptic  being  the  fundamental  plane,  we  shall  put  i"  for  the 
inclination,  and  Q,"  for  the  longitude  of  the  node,  of  the 
orbit  of  Venus  on  that  plane.  We  shall  retain  in  the  calcu- 
lations quantities  of  the  order  e'2,  e'e",  e"2  and  ■/'-.  in  which 
e'  and  e"  denote  the  eccentricities  of  the  orbits  of  the  ■ 
and  Venus  respectively;  and  ;/'=tau  <"'.  Then  we  shall 
have  in  terms  of  the  mean  motions 

r'  =  a'\  1  +  .Je'2  —  e'  cos(»7— w')  —  he'-  cos  2(n't— w')  },    (5) 
r"  =  a"\\+±e"-—  e"cos(n't— a/')  —  ie"-cos2(n"t— co")}.(6) 


v'  =  /,7  +  L>e'sin(n7— w')+ie'2sin2(?i'<— fo'), 
i/'*sm2(n"t-  Si"), 


(") 


ie'2cos2(n'*— a')\ 


(8)  v"  =  n"t+2e"  sin (n"t— to")  +  |e"2  sin  2{n"t—  w") 

(9)  cos  6"=  1  —  ]-/'  -  +  }/'  -  cos  2(n"t—Sl"). 

If  we  substitute  these  values  in  equation  (1)  it  will  become 

f  =  an+a"i  —  2a'a"  cosf>'<— n"t)+a'i\^e'i  —  2e'  cos(n't-co') 
+  „"  '\y-  —  2e"  co8(n"t—(o")  —  J-e"2  cos  2{n"t— to")  | 

—  2a  V  |  ±e'  cos(2n't—n"t—G>')  —  |e'  cos(n"t— to')  —  Je"  cos(» 't— to")  +  |e"  cos(n'f— 2n"t+w") 

(10)  —l\e'i+e"i+^f*\  cos(n't— n"t)+%e'3cos(3n't— n"t—  2to')+^e'2coa(n't+n"t— 2to') 

+^e" "  cos(n't+n"t— 2m")  +fe"2  cos(n'«— 3n"t+2to")— fe'e"  cos(2»'t— to'— to")  , 

— fe'e"  coa(2n"t— to'—  to")  +  {-e'e"  cos(2w'f— 2n"«— w'-f  w")  +  fe'e"  cos(ft)'— w")  +£/' '  eos(u't  +  >i"t— 2ft")  j 
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If  we  now  put 


equatiou  (10)  will  give, 

J-=      *       fl  +  J- 
f3        a'3A3t  A2 


<i  -         a 
A2=1+-tt.  —  -     ,  cos(»7— ri't)  =  l+«-—  2«cos(ra7 — »"£), 
a' s         a 


(11) 
(12) 


3e'cos(»i7— w')  +  3«V  cos(n"f— to")  +  £<«?'  cos(2n'«— n"«*-to') 

|«e'  cos(w'7— to')  —  fae"  cos(n'f— to")  +f  ue"  cos(n't—2n"t+a")  —  £  (e'  2+a2e"2) 
+£«'2cos2(n'<— o)')+f«2e"Jcos2(ii"<— to")  —  f«(e'2+e"2+£j-"2)  cos(n'£— n"«) 
+§«e'2cos(3n't— ri't— 2to')+fae'2cosi  n't+n"i—  2to')+$ae"2cos(n'«+n"«— 2w") 
+§«e"2cos(n'*—  3n"t+2o>")  —  f«e'e"cos(2ra'«— to'—  to")  —  |  ae'e"  cos  (2w'7— to'— to") 

+£«e'e"cos(2»7— 2h"{— «'+&>")  +  2^ae'e''cos(to'— to")+£a7"2cos(n'<+n'7— 2Q") 


+  A^ 


^\2e'i+5are,i+5a2e"s+2a*e"3\  +  ^\2  —  3«2$e'2cos  2(n'<— to')  (13) 

+-IiW2cos(:i  „7— //7— 2w')  —  ¥«' '  Jcosi  n'i+n"«— 2w')  —  yia{e,2+a2e"2}  cos(»7— «"«) 

— -^a2{e'2+e"2j  cos  2(n'<— n"t)  -  V-a£3— a2}e'e"  cos(2n'£— to'— to")  —-«-«{! +«2je'e"  cos(w'— to") 

+  V«|l+«^'-''  "  cosl  2»7— 2n"«— to"+<o')  +  ■/•«)  l—:W^'e"  cos(2ti7— to'— to") 

+J-JAa2c'e"co8(n'<+w"i— to'— to")  —  L&aVe"  cos(  «7— »"{— to'-j-w") 

—  -%WVe"cos(."„<7— ri't— ,.,'— to")+-15£aVe"cos(3n'<— 3n"i— to'+to") 

+  >f5(rW'  cos(n7— h'7  +  w'— to")  —  ^5aVe"  cos(n'i— 3n"t+a'+a") 

+  {?.!>.  ■  '  2cos(47i'i— 2n"t— 2w')  +  y/«V2cos  2(»"t— to')  +  lT3jr5«2e"2COS  2(»7— w") 

+  {|(tV'-'cos(2»7— 4n"*+2to")  —  ^a*|3— 2.r(.-'  3COS  2(,/7— a>") 

— V«rt"-cos(  rit+ri't— 2to")+  V  aV2cos(n'<— 3n"«+2to")    J- 
Equation  (10)  also  gives,  by  neglecting  the  terms  divided  by  a'5A9  which  arc  not  needed  in  this  investigation, 

f»—  a'5A5  1  A- 


/"' 


5e'cos(n'i — to')  +5«se"  cos  (ri't — to") +fae' cos  (2n7— ri't— to') 

-y>ae'  cos<  ;/7— <»')  —  yW  cos(«7— to")-*- £ae"  cos(«V— 2n"i+to")  +  ^  \en+a2e"!\ 
4-|e'2cos2(M'«— t»')+£aV/2cos  2(w"«— to")  —  fa|e'a+e"2-|-£//2j  cos(»7— n'7) 
+  y  «e'  2cos(3n'<— ri't— 2w' )  +  .  ■         os(w't+  n."f— 2to') -f-£ae"2  cos(»i7+?i"f— 2to") 
+  yW2cos(n't— 3»"<+2to")  —  V«'e"  cos(2;t 7— to'— w")  —  L5ae'e"cos(2n'7— to'— to") 

+%ae'e"  cos(2n't— 2n"t— to'+o)")+-^«e'e"cos(to'— to")+f«/'2cos(n'<+n"«— 2&") 

If  we  now  develop  the  value  of  A  in  the  usual  form  we  shall  have 

-L=  ^C+  &',"  cos  («'?— )/7 )+///'  cos  2(rit— ri't)  +  .  .  .+b^  cos  i(rit— ri't ) 

A^  2  -  a 

_-L=  J6i+  b'l' cos(n't— ri't)  +b'l>  cos  2(»7— i«'7)  +  .  .  .  +  {VJ'  cos  i(w'£—  ri't) 


(14) 


(15) 


«=#{ 


retain  only  those  in  which  the  algebraic  sum  of  the  co- 
efficients of  n't  and  ri't  is  equal  to  ±2.  Then  the  proper 
substitutions  in  equation  (3)  will  give, 

«    (20) 

2  2  2 

(10)  _      (18)  (191  _       ,(17)" 


In  the  substitution  of  the  value  of  /in  equation  (:!)  the 
only  terms  which  give  the  argument  of  the  required  in- 
equality, depend  on    A-5  and  A-7  >    aud  of  these  we  need 

C9) 


e'2  C08(Urit—18n"t+2ri) 

(16) 


+£t«|3— «2|6t8,+  ^«6(i8>+  &«6 '.-,""    e'e"  cos(16n'«—  18n"*+to'+to") 
—  iM'^'f—  fn^T—  &*bT—  w«6J)_|  e"2  cos(16n'«— 18n"*+2to") 


(16) 


+ 


— ^2«6s  —  ^a26s 


j-"2  cos(lC»7— \Sri't+2£")  | 


lis 
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Or  in  a  more  abridged  form 

R  =  -^-  I  A,e' 2COs(16fl 7—18/1  '7  +  2ra')  +  A,e'e"  cos(16n't—lSn"t  +  to'  +  c.,") 

+A^'scos(16n't—18n"t+2m")  +  A,-/'-  eos(16»7—  18«"f+2Q")  j 
In  order  to  reduce  this  equation  to  numbers  we  must  know 
Uie  values  of  a  and  the  quantities  &5  and  b^   which  are  func- 
tions of  «.     The  value  of  a  is  the  ratio  of  the  distances  of 
I  ".  n  us  and  the  earth  from  the  sun.   Therefore  a  =  0.7233323. 


and  the  following  values  of  b?,   and  &  7  are  taken  from  Delau- 

(M) 


(19) 


&5    - 


1141 
b-     - 


:  6.104(1'.). 

152.316, 


1  if,i 
b,  =4.83623, 


bT=  3.76216, 


b? 


124.329, 


(16) 

b7      = 


100.936, 


nay's  work    already  mentioned,  with  the    exception  of  6j. 

(201 

and  &7   which  have  been  independently  computed 
2.H1686, 

I  Is  1 

65.569 


,  (18) 
65     = 


1  I'll 

bA  =  2.2545;t. 


',''"=  81.539, 
■1 


(18) 


(19) 

h:   =  52.505, 


ft.   =41.880. 


As  —  —  0.99672 


-0.9965 


^  =  —0.729564; 


-14  =  —  2.9183, 

6.     If  we  now  take  the  differential  coefficient  of  equation 
(17)  with  respect  to  r,  we  shaU  get  after  substituting 


)•  =  «*1 — e  co&(  at — 1.1 1  ( . 


(22) 


The  substitution  of  these  quantities  in  equation  (16)  gives  the  following  values  : 

(20)  A  =  —  0.37285  ,  .42  =+1.2052  , 
while  Delainay  gives 

(21)  J,  =  —0.3732     .      A.,  =  +  1.2055     , 

which  are  practically  identical  with  the  ones  just  found,  if 
we  remember  that  ;■■"  in  this  paper  is  equal  to  tan  i".  while  iu 
Delai  nay's  work  ;■"  is  equal  to  sin  £t",  so  that  his  value 
of  A4  ought  to  be  four  times  the  value  required  by  my 
equations. 

:^|  2A1e'i  cos(ien't—18n"t+2a')—A1ee'-  cos(nt+lGn't—18n"t—u-i-2w') 

+  -2A./e"  cos(16n'«—  \8n"t+m'+a")  —n"  ee'e"  C0B(nt+lGn't—  18n"t— w+at'+m") 
+  2Aze"-  cos(16»V— 18h'7  +  2co")  —  A,r<"  -  coa(nt+16rit—18n"t—et+2<o") 
+2Aif2  cos(16«7— 18n"t+2&")  -  .1,,      cos(nt+16n'«— 18n"t-<a+2Q")  } 

n'  =  0.0748013w     ,      n"  =  0.1215913n, 

Also  at  the  epoch  of  1800,  we  have 

,,-.  e  =  0.05491       ,       e'=  0.01679        ,         e"  =  0.00686       ,  i"  =  3°  23'  30"    j 

(     }  to' =  99°  30'  29"     .     <u"=128°  43'  6"     .     Q"=  74°  51'  41"  j 

If  we  substitute  these  values  in  the  formulas  for  the  perturbations,  which  are  given  in  article  7  of  No.  158  of  this 


dR 
dr 


(23) 


(24)     Now  we  have 


Journal,  we  shall  obtain  for  the  perturbations  in  longitude,  observing  that 


0, 


(26) 


5t>  =  +0"0007777  sin  (nt+16rit— 18n"t— w+2w')  —  0".0010255  ain(n«+16tt'£— I8n"t—  co+oo'+w") 
+  0".0003460  sin(«J+16m'«— 18n"t— ra+2fi/')+0".0190160  3m(nt+Writ—18n"t—w+2&") 

(27)  =— 0".01655  siu(fi«+16>(7— \8,i"t— »)+0".00976  cos(n«+16»i'*—  18n"«— w) 

(28)  =  +0".01921  &m(nt+16n't—18n"t— w+149°  28'). 


Delacxay  gives  for  the  perturbation  of  longitude  arising 
from  the  same  forces 

(29)      8v=16".024sin(nf+16n'«—  18n"t— e>+144°39'.8) 
which  is  more  than  eight  hundred  times  as  great  as  in  equa- 
tion (28). 

The  value  of  Sv  in  equation  (28)  is  the  whole  perturbation 
of  the  moon's  motion  in  longitude  arising  from  the  attraction 
of  Venus;  and  were  the  moon's  orbit  wholly  free  from  the 
disturbing  influence  of  other  forces,  the  period  of  the  in- 
equality would  be  3341  days,  or  9.1470  years.  But  by 
reason  of  the  sun's  attraction  the  perigee  of  the  moon's  orbit 


is  iu  motion,  and  thus  changes  the  period  of  the  inequality 
from  nine  years  to  two  hundred  and  seventy-three  years. 

7.  We  shall  now  show  that  the  perturbation  of  the  lunar 
orbit  by  the  sun  does  not  change  the  amount  of  perturbation 
produced  by  the  planet,  but  ouly  affects  the  time  during 
which  the  perturbation  takes  place.  In  other  words  we  shall 
show  that  the  total  amount  of  perturbation  in  the  disturbed 
orbit  is  the  same  as  it  would  have  been  in  the  undisturbed 
orbit.  The  truth  of  this  statement  will  be  evident  from  the 
following  considerations  : 

First.     The  differential  equations  of  motion  do  not  con- 
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tain  the  time  t  explicitly,  but  merely  its  differential  dt.  They 
therefore  correspond  to  a  point,  rather  than  an  interred  of 
time.  Now  the  fundamental  conception  in  the  theory  of  the 
variation  of  elements  requires  the  elements  to  be  constant 
during  the  time  dt,  although  they  may  vary  from  one  in- 
stant to  another.  The  variation  of  the  elements  during  the 
time  dt  are  therefore  infinitesimals  of  the  second  order  in 
comparison  with  the  variations  of  the  coordinates,  and  must 
therefore  be  neglected.  If  we  therefore  integrate  the  differ- 
ential equations  of  motion,  supposing  the  elements  of  the 
disturbed  orbit  to  be  constant,  and  then  suppose  the  elements 
to  be  variable  in  the  integrals,  we  shall  obtain  the  whole 
effect  of  the  disturbing  force.     v>  e  Mica  •'■  .  Book 

II,  Chapter  vni.  "We  shall  call  this  the  normal  perturbation 
due  to  the  given  disturbing  force. 

Second.     The  trhole  disturbing  s  measured  by  the 

coefficient  of  the  function  which  represents  the  force.  Now 
this  coefficient  is  independent  of  the  constancy  or  variable- 
ness of  the  elements  :  and  therefore  the  variation  of  the 
elements  can  only  affect  the  rate  of  development  of  the  force 
without  changing  its  total  amount.  In  the  case  under  con- 
sideration the  variation  of  the  elements  changes  the  time  or 
period  of  the  inequality  from  nine  years  to  about  two  hun- 
dred and  seventy  years  :  and  therefore  the  normal  action  of 
the  force  would  produce  as  much  disturbance  in  nine  years 
as  the  disturbed  action  would  in  thirty  times  that  period. 

Third.  We  may  represent  the  total  force  by  the  height 
of  an  iuclined  plane,  and  the  length  of  the   plane  by  the 


period  of  the  argument.  Now  it  is  a  fundamental  law  of 
motion  on  aa  inclined  plane,  that  the  acceleration  depends 
only  on  the  height  of  the  plane,  while  the  time  of  descent  is 
proportional  to  its  length.  In  the  present  case  the  normal 
length  of  the  plane  is  nine  years,  while  the  disturbed  length 
is  two  hundred  and  seventy  years  ;  but  since  the  height  is 
the  same  for  both,  it  follows  that  the  total  normal  accele- 
ration would  be  the  same  as  the  disturbed  acceleration, 
although  the  latter  required  a  period  thirty  times  as  long. 
Now  since  the  acceleration  varies  as  the  time  and  the  space 
varies  as  the  square  of  the  time,  it  follows  that  Del.uxat's 
value  of  the  inequality  is  too  large  in  the  ratio  of  273-  to 
'.'.MTU- ;  or  as  891  :  1.  If  we  therefore  diminish  Dei.auxay's 
value  of  tin'  inequality  in  the  ratio  of  891  :  1,  and  increase 
it  in  the  ratio  of  40S134  :  390000,  in  order  to  correspond  to 
the  mass  of  Venus  which  we  have  employed  in  this  investi- 
gation, we  shall  obtain  0".0188  for  the  coefficient  of  the  in- 
equality, which  is  practically  identical  with  the  value  given 
by  equation  (28 ). 

8.  There  is  another  inequality  of  long  period  arising 
from  the  action  of  Venus,  whose  normal  period  is  the  same 
as  the  one  we  have  just  computed.  It  is  the  union  of  three 
separate  inequalities  of  the  first  order  with  respect  to  the 
eccentricities,  each  of  which  is  of  considerable  magnitude  ; 
but  they  nearly  destroy  each  other,  the  algebraic  sum  of 
them  producing  a  single  inequality  of  about  double  the  mag- 
nitude of  the  one  given  by  equation  (28).  They  are  derived 
from  the  following  terms  of  K  ;  namely, 


R  —  l  ~\  —  r'-  cos  2(v—  <•')  —  r"  -  cos  2(v— v")+2r'r"cos(2v— v'— v")  j 


f 
This  gives  by  taking  the  partial  differential  coefficients 


C^)=  § -^V-  {  —  r'2  cos  2(  i—  i-')  —  r" "  cos  2(v— r")  +2/V  cos(2v— »'— v")    \ 
f^r)=f  ^J  {  r'2  sin  2(o—  v')  +r"-  sin  2(v—v")  —  2r'r"  sinj> '—  «■")  J 


(30) 


(31) 

(32) 


These  become  by  neglecting  the  eccentricities  of  the  orbits  of  the  earth  and  Venus,  and  retaining  only  the  useful  terms. 

1 


f^\=^  V^.  I  _  a'-  cos  2{nt— n't)  +$a's  e  cos(nt—2n't+a>) 
—  «"-  cos  2(nt— n"t)+%a"se  cos(nt—2n"t  +  a>) 
+  2a'a"  cos(2nt—  n't—n "t)  —  5a'a"e  cos(nt — n't— ri't+a)  \ 

f^\  =  3  ^  j      a>2  sin  2(„t— n't)  —  3a'2e  sin(nf— 2n't+to) 

+a"-  sin  2(nt—n"t)  —3a"-e  sm(nt—2n"t  +  (o) 

—  2a'a"  sm(2nt—  n't— n"t)+6a'a"e  sin  (nt— n't— n"t+co)    I 

Now  we  have  in  the  present  case 


(33) 


(34) 


(35) 


"■    A 


and  if  the  proper  terms  of  equation  (15)  are  substituted  we 
shall  find  after  putting,  for  abridgement, 


(^)=  -1"{  —  cos(2nt+16n'f—  18«"f)+^>  cos(w*+16n'f—  18n"*+w)  J  ; 
f^\  =  —  \sm(2nt+16n't—18>i"t)  —  3e  sm(nt+16n't—  18n"f+a>)  j  . 


=  %-ajB-\iab%  +*6$—  ahi   )  (36> 

(37) 

(38) 
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The   substitution   of   these  values  of   the   forces  iu   the 
formulas  for  the  perturbations  gives 

fo>=_e(67928.8)  Bin(n*+16n't—  18n"t+<o)         (39) 

If  we  reduce  equation  (36)  to  numbers  we  shall  find,  after 
multiplying  by  the  radius  iu  seconds 


.=  o*.ooooio:;:.-.. 


(40) 


Substituting  this  and  the  value  of  e,  in  equation  (39),  it 
becomes 

5w  =  0".0387  sin(wt+16n7—  18»"f+w).  (41) 

The  normal  period  of  this  inequality  is  3341  days,  the 
same  as  that  of  equation  (28)  ;  but  the  motion  of  the  perigee 
reduces  the  period  to  sixteen  hundred  and  forty-three  days, 
or  four  and  one-half  years,  instead  of  increasing  it  to  two 

Cleveland,  1887  September  28. 


hundred  and  seventy-three  years  as  in  the  former  case.  This 
inequality  is  about  double  that  given  by  equation  (28)  ;  and 
yet  it  amounts  to  only  about  two  hundred  and  thirty-six  feet 
of  arc  on  the  moon's  orbit ;  a  space  which  the  moon  would 
pass  over  in  one-fourteenth  of  a  second  of  time.  It  is,  how- 
ever, much  the  largest  inequality  of  long  period  arising  from 
the  action  of  Venus ;  and  yet  it  is  wholly  insensible  to  the 
most  refined  observations.  The  action  of  the  planets  on  the 
moon's  motion  would  therefore  seem  to  be  of  very  little  im- 
portance ;  and  mathematicians  and  astronomers  may  very 
properly  confine  their  researches  iu  the  lunar  theory  to  the 
determination  of  the  sun's  action,  since  there  is  no  reason  to 
fear  that  their  results  will  be  sensibly  modified  by  the  action 
of  foreign  forces. 


OX  THE   TWO    NEW   ALGOL-TYPE   VARIABLES, 
Y  CYGXI  AND  R  CANIS  MAJOBIS, 


By  S.   C.  CHANDLER,  Jr. 


In  announcing  the  variability  of  the  first  of  these  stars,  on 
page  40  of  this  volume,  it  was  stated  that  "  I  strongly  sur- 
mised that  the  period  will  prove  to  be  la.4992."  This  pre- 
sumption, the  reasons  for  which  were  given,  was  afterwards 
somewhat  weakened  by  a  single  observation  made  under 
very  difficult  circumstances  in  strong  morning  twilight,  but 
subsequent  observations  have  fully  justified  the  surmise  in 
question  :  the  period,  according  to  my  latest  determination, 
being  1J. 497776  =  ld  llh  56m  48%  with  a  probable  uncer- 
tainty of  perhaps  two  seconds. 

"With  regard  to  Mr.  Sawyer's  star  iu  Canis  Major,  the 
fact  was  established  bv  his  observations  that  tiie  period  is 
certainly  an  aliquot  part  of  eight  days,  probably  ld3b  ±  (see 
page  119).  My  own  observations  at  that  time  gave  nothing 
more  definite,  consequently,  after  the  heliacal  rising  of  the 
star,  the  epoch  of  minima  had  to  be  located  anew.  As  even 
under  the  most  favorable  circumstances  only  every  seventh 
or  eighth  minimum  falls  at  a  practicable  hour,  as  observa- 
tions were  in  this  case  limited  to  a  short  interval  in  the 
morning,  and  clouds  destroy  many  even  of  these  rare 
chances,  for  a  low  southern  star  —  the  process  of  "  fishing  " 
for  a  minimum  was  discouraging,  and  unsuccessful  until 
October;  during  which  month  three  minima  have  been  de- 


termined. By  combination  with  the  series  in  the  spring.  I 
find  the  period  1  3  15  55s,  which  is  estimated  to  be  within 
a  very  few  seconds  of  the  truth. 

The  appended  ephemerides  of  these  stars  may.  therefore, 
be  relied  upon  as  possessing  more  than  the  needful  accuracy 
to  enable  observers  to  prepare  for  the  observation  of  minima 
for  many  mouths  to  come. 

It  is  my  intention  to  keep  both  stars  on  my  observing  list. 

and  to  give  a  complete  discussion  of  them  at  the  end  of  the 

in.     The  communication  of  further  detail  is   therefore 

reserved,  except  the  following  statement  of  the  elements  of 

the  light-variations,  as  nearly  as  I  ran  now  determine  them. 

FCtgni:     -2o  46'"  16%      +34°  7'.0     (1875) 
1886  Dec.  9d  llh  14.5  (Greenw.  M.T.)  +ldllh56m48s  E 

M 

Brightness  at  maximum.  7.1 

Brightness  at  minimum.  7.9 

Duration  of  decrease.  4  hours. 

Duration  of  increase,  4  hours. 

Stationary  maximum  brilliancy,  28  hours. 

The  comparison-stars  and  provisional  light-scale  will  be 
found  on  page  17  of  this  volume. 
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Minima  of    F"Cygni. 
Heliocentric  Greenwich  M.T. 


E  250—293 

E  294- 

-331 

E  332—369 

1887                        li         in 

i«- 

h        111 

1VNS                                            h                 111 

Dee.    27  21   35.3 

Feb.     22 

19   33.7 

Apr.   19   17  32.1 

29     9  32.1 

21 

7  .",o..-, 

21      5  28.9 

,88a     :!n  21   28.9 

25 

Hi   27.:'. 

22   17  25.7 

Jan.       1     9  25.7 

27 

7   21.1 

21     5  22.5 

2  21    22.5 

28 

19   20.9 

25   17   19.3 

4     9   19.3 

.Alar.      1 

7  17.7 

27     5    16.1 

5  21    16.1 

•> 

19  14.5 

28    17    12.9 

7     9   12.9 

4 

7    1  1 .3 

30     5     'J.7 

8  21      9.7 

5 

19     s.l 

May    1    17     6.5 

10     9     6.5 

7 

7      1.9 

3    5    :;.:; 

11  21     3.3 

8 

19      1.7 

1    17     0.1 

13     9     0.1 

10 

1;  58.5 

1;      1  56.9 

14  20  56.9 

11 

is  .-,;,.:; 

7   16  5:;. 7 

16     8  53.7 

13 

6  52.1 

:i      1   .",0.;, 

17  20  50.5 

1  1 

is  48.9 

10  If,    17..", 

19     8  47.3 

16 

6  45.7 

12     4  44.1 

20  20  44.1 

17 

18  42.5 

13  16  40.9 

22     8  40.9 

19 

6  39.:; 

15     4  37.7 

23  20  37.7 

20 

is  36.1 

16  16  34.5 

25     8  34..". 

22 

6  32.9 

18     4  31.3 

26  20  31.3 

23 

18  29.7 

19  16  28.1 

28     8  28.1 

25 

6   26.5 

21     4  24.9 

29  20  24.9 

26 

is   l'3.3 

22   16  21.7 

31     8  21.7 

28 

6   20.1 

24     4   ls.5 

Feb.        1    20  18.5 

2:1 

is   16.9 

25    Hi    15.3 

3     8   15.3 

31 

1;    13.7 

27     4   12.1 

1    2n  12.1 

Apr.      1 

IS    10.;, 

28  16     8.9 

6     8     8.9 

3 

6      7.:; 

30     1     5.7 

7  20     5.7 

4 

18     4.1 

31    16     2.5 

'.'      8      2.5 

6 

6     0.9 

June     2     3  59.3 

lo    1!)   .V.i..", 

7 

17   57.7 

3  15  56.1 

12     7  56.1 

9 

5  51.;, 

5     3  52.9 

13   19  52.H 

10 

17   51.3 

6   15  49.7 

1.-,     7    19.7 

A          12 

^         13 

5  4  8.1 

8     3  46.5 

16  19  46.5 

17  44.9 

9    la  43.3 

18     7  43.3 

15 

5    11.7 

11     3    10.1 

19   19  4o.i 

16 

17  38.5 

12   15  36.9 

21      7  36.9 

18 

5  35.:; 

14     3  33.7 

g  U.A.165  Can.  Maj. 

/  "  144 

h  "  169 

a  ■■  156 

//  "  9  1  Puppis 

d  "  168  Can.  Maj. 

c  "  152 

e  "  153 


i?  Can  is  Majoris  :      7'1 13"' 49s,      —  16°9'.7     (1875) 
1887  Mar.  26"  14"  58'". 5  (Greenw.  M.T.)  +la3h  15'"  55"  E 

M 

Brightness  at  maximum,  ''■'■* 

Brightness  at  minimum,  6.7 

Duration  of  decrease,  2}  hums. 

Duration  of  increase,  i\  hours, 

stationary  maximum  brilliancy,  22    hours. 


The  comparison-stars   and   provisional  light-scale  are  as 
follows  : 


1875.0 

a 

in 
19      1 

lo  35 
19   24 

15  15 
23  41 
19  20 
l;;  :;:; 
13  43 


—15 
15 
13 
14 
14 
18 
19 

—17 


57.4 
22.0 
30.4 

7.7 
44.0 
46.1 

3.1 
17.8 


Light 
Scale 

22.3 
16.4 

16.0 
15.7 
13.5 
10.1 
S.l 
4.6 


Equiv. 
Mag. 

M 

-  5.70 
6.12 
6.14 
6.16 
6.30 
6.56 
6.70 

=   6.94 


The  values  of  the  light-scale  and  their  equivalent  magni- 
tudes are  determined  from  all  my  observations  to  date. 

By  means  of  the  near  commensurability  expressed  in  the 
relation  22  Periods  =  25  days —  9m.8,  I  have  given  the 
ephemeris  for  1!  Cards  Majoris  a  very  compact  form:  in  an 
analogous  way  to  that  heretofore  adopted  for  U  Opliiuclii. 
The  exaet  Greenwich  M.T.  of  minimum  for  any  date  in  the 
table  is  found  by  applying  to  the  time  in  the  right  hand 
column  the  correction  at  the  foot  of  the  column.  The  num- 
bers at  the  head  of  each  column  indicate  the  numbering  of 
the  epochs. 

Minima  of  /,'  Cams  Majoris. 

Heliocentric  Greenwich  M.T. 


225 

to 

247 
to 

269 

to 

291 

to 

313 
to 

335 
to 

Greenw. 
M.T. 

24G 

268 

290 

312 

334 

356 

1SSS 

It          111 

Dee.  7 

Jan.  1 

Jan. 26 

Feb.  20 

Mar.  16 

Apr.  lo 

5  20.1 

s 

2 

27 

21 

17 

11 

8  36.0 

9 

3 

28 

22 

18 

12 

11  51.9 

10 

4 

29 

2.", 

19 

13 

15     7.s 

11 

5 

30 

24 

20 

14 

is  23.7 

12 

6 

:;i 

25 

21 

15 

21  39.6 

14 

s 

Feb.    2 

27 

23 

17 

0  55.6 

15 

9 

3 

28 

24 

18 

4  11.5 

16 

10 

4 

29 

25 

19 

7  27.4 

17 

11 

5 

Mar.    1 

26 

20 

10  43.3 

18 

12 

6 

2 

27 

21 

13  59.2 

19 

13 

7 

3 

28 

22 

17  15.1 

20 

14 

8 

4 

29 

23 

20  31.0 

21 

15 

9 

5 

30 

24 

23  47.0 

23 

17 

11 

7 

Apr.   1 

26 

3    2.9 

24 

18 

12 

8 

2 

27 

6  18.8 

25 

19 

13 

9 

3 

28 

9  34.7 

26 

20 

14 

10 

4 

29 

12  50.6 

27 

21 

15 

11 

5 

30 

16    6.6 

28 

22 

16 

12 

6 

Mav    1 

19  22.5 

29 

23 

17 

13 

7 

2 

22  38.4 

31 

25 

19 

15 

9 

4 

1  54.3 

111 

ill 

111 

m 

m 

+  19.6 

+  9.8 

0.0 

—9.8 

—19.6 

—29.2 
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RING-MICROMETER   OBSERVATIONS  OF   COMET  e   1887; 

MADE  WITH  A  CLACEY  6^-INCH  REFRACTOR, 

l!v  S.  C.   CHANDLER,  Jr. 


18S7    Cambridge  M.T. 

* 

No. 
Com  p. 

Aa 

* 

&>"s  apparent 
a                              8 

log^A 

for  a           f or  6 

May  30 

30 

30 

Julv  12 

12 

h       m      s 

10  33  53 

10  59  43 

11  10  46 
9  27  58 

10     6   14 

1 
2 
3 
4 
5 

4 

4 

2 

10 

10 

ill           s 

+  1   10.70 
+  2  51.27 
—  1   46.06 
+  1     5.78 
—2     3.37 

1       II 
+  3  19.4 

—  0  53.7 
—11  43.6 

—  0  26.8 
+   0  21.8 

h            m         s 

15  43  20.62 
15  43  22.16 
15  43  23.46 
17  17  56.33 
17  18     0.89 

O           1           II 

—18  48  41.3 
—18  47  43.5 
—18  47  27.3 
+   6  45  58.1 
+   6  46  22.0 

n8.845l   0.887 

»8.322     0.888 

0.882 

H8.716     0.710 

8.341      0.718 

M(  an 

Places  for  lssT.0  of 

Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 
2 
3 
4 
5 

h        iti         s 

15  42     7.82 
15  40  28.79 
15  45     7.42 
17  10  48.44 
17  20     2.15 

+  2. 10 
+  2  in 
+  2.10 
+  2.11 
+  2.11 

—18  52'    0.6 
—18  46  49.7 
—18  35  43.6 
+   G  46   14.8 
+   6  45  50.1 

11 

—  0.1 
-0.1 

—  0.1 

+  1(1.1 

+  10.1 

Oe.  Argel.  14900 
Oe.  Argel.  14867,  8 
Oe.  Argel.  14951 
151!.  VI.  +633403 
BB.  VI.  +6°  3413 

FILAR-MICROMETER   OBSERVATIONS  OF   COMET   1887/   (Olbers), 


1887    Albany  M.T. 

h        in      s 

Sept.  15     16     7  23 
Nov.     1     17  33     7 


x... 
Comp. 

14 

5 


MADE    AT    THE    DUDLEY    OBSERVATORY, 

By  II.  V.  EGBERT. 


la 

+  ()"  ■_".».  7i  i 
— 1   58.37 


I        II 

— o  39.3 
— 0    tO.l 


"s  apparent 


a 


10   11   44.12 
13    19   21.54 


+  30     0  30.6 
+  17  33  56.3 


Mean   Places  for  1887.0  of   Comparison- Stars. 

o  ,.t'.;  "i'.l„  Authority 


10   11    14.37 
13  51    19.75 


Red.  to 
app.  place 

+0.05 
+  0.16 


+  30     1    17.3 
+  17  34  38.7 


Red.  to 
app.  place 
ii 
—7.4 


lOg;  A 

for  o  for  6 

n.9.698     0.741 
»9.655     ■ 


Leiden  Zones  37,  68-39,  68 
W.B.  1088  (Lai.  25649) 


CORRIGENDA. 


No.  102  p.  141.     Col.  1,  line  S,  the  numerator  should  be  y'z — yz1 


line  3d.     Second  equation  should  be 


.V—  J'.V 


p.  143. 


p.  144. 


First  column  of  table,  hist  line,  for  0.000  put  0.009. 
Recapitulation,  line  10,  for  e  put  e'. 
line  12,  for  c'1  put  <". 
line  18,  for  L—L  put  L"~ L. 
Col.  1,  line  .'!,  for  +x  put  X+- 
line  <i,  forp  put  \j p, 
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OX  A  METHOD  OF  COMPUTING  AX  ORBIT  FROM  THREE  OBSERYATIOXS. 

By  Rev.  GEORGE  M.  SEAR  I.E. 
(Continued  from  Xo.  1G2.) 


In  any  method  of  computing  an  orbit,  the  approximation 
may  easily  be  carried  far  beyond  the  accuracy  of  the  obser- 
vations on  which  the  computation  is  based,  aud  thus  much 
time  wasted. 

To  see  how  far  it  is  worth  while  to  continue  the  approxi- 
mation, it  may  be  well  to  have  some  method  of  comparing 
the  middle  place  which  would  be  computed  from  the  ele- 
ments resulting  from  any  hypothesis,  with  observation,  with- 
out actually  computing  those  elements  and  the  middle  place 
from  them. 

To  do  this,  we  may  first  compute  the  values  of/,  /",  and  r', 
which  would  result  for  the  time  t'  from  the  elements. 

In  order  to  this,  we  will  Inst  take  the  trigonometrical 
formula,  true  for  any  values  of  .1  aud  B, 

sur(A  +  B)  =  sin-  .1  +  sur  B  +  2  siu  A  sin  B  cos{A  +  B) 

In  this,  making    g=A.    g°  =  B,    g'  =  A+B.    we  have 

•J  Y'r1'  sin  f 
putting  for  sin  g  the  value  — — - aud  similarly  for  g'  and 

g".  and  multiplying  by  --,  „  .  the  equation 

sin2  f      sin2  f   .    sin-  f"    ,       sin  f    sin  f" 

~p-=-r  +  —  +  2  vf  '  v^cos? 

or  making  o-  =  — =  aud  similarly  <r'  and  o-" 
<r'2  =  <T2+o-"2  +  2o-(r"cos3' 

It  may  be  here  remarked,  that  by  obtaining  the  value  of 
cos</'  from  this  equation,  aud  putting 

,_o (1  +cos  ;/')(! — cos  g') 

rr"  sin2/' 
we  can  deduce  the  expression  used  in  this  method  to  obtain 

Having  then  obtained  u'  from  the  values  of  a,  a-",  and  g' 

sin*  f 
furnished  by  the  hypothesis,  — ~  will  denote  the 


[^ 


computed  ;  or  iu  other  words  the  radius  vector  correspond- 
ing to/and/"  in  the  orbit.     We  will  denote  this  by  r'0. 
Now  obviouslv 


sin  g  =  —  siu  ;/' ;    and  sin  g"  = 


sin  g  . 


g  and  g"  answering  to/and/"  in  the  orbit ;  and  by  these  and 
the  value  of  p  which  we  have  from  the  hypothesis  [which  can 


also  be  computed  by  the  formula  p  = 


rr"  sin2/1 


if ;/' has  been 


a  sin-  g 

obtained  by  the  trial  with  sufficient  accuracy]  aud  the  value  of 
/•'.,  just  deduced,  we  shall  have  the  values  of  i;  aud  rf  strictly 
corresponding  with  /and  /"  in  the  orbit  resulting  from  the 
hypothesis  :  and  hence  t\,  the  time  at  which  a  heavenly  body 
moving  in  this  orbit  would  cross  /'.  by  the  formula 

>"—f 
t'0=t  + 


1+- 


Let  us  denote  >' — 1'„  by  dt.     We  have  then  for  ds,  the  dis- 
tauce  traversed  by  the  body  iu  the  time  dt,  the  expression, 


radius  vector  of  the  orbit  where  it  cuts  the  /  which  has  been 


Let  us  also  denote  /,. —  r'  by  dr'. 

Now  the  angular  divergence  of  the  computed  place  from 
the  observed,  which  latter  corresponds  to  the  end  of  /•'.  will 
evidently  be  the  resultant  of  dr'  aud  ds,  projected  on  a  plane 
perpendicular  to  A'  the  line  joining  the  earth  aud  the  heavenly 
body,  aud  divided  by  A'-  The  square  of  this  projection  is 
equal  to  the  square  of  the  whole  resultant  miuus  the  square 
of  its  projection  on  A'. 

Now  the  projection  of  dr'  on  A'  =  dr'  cos  :.  if  by  :  we 
denote  the  angle  formed  at  the  body  between  r'  aud  A'.  The 
projection  of  ds  on  A'  is  the  increase  of  A'  in  dt,  minus  the 
increase  of  A'  produced  by  the  motion  of  the  earth  in  dt. 
This  latter  is  approximately  equal  to  k  cos  |S'sin(/' — L')  dt, 
since  the  earth  is  moving  toward  L' — 90  with  a  velocity  of  k, 
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and  the  cosine  of  the  angle  its  line  of  motion  forms  with  the 
line  leading  away  from  the  body  is  cos  (3'  cos  [/' — 180° — 
<L' — 90°)] .  Hence  the  whole  projection  on  A'  of  dr'  and  ds, 
which  we  will  denote  by  dA',  is  equal  approximately  to 


-r, k  cos  p"  siu(/.' — L') 

t'—t  '         v  ' 


dt  +dr'  •  cos  z 


The  square  of  the  whole  resultant  is  equal  to  (dr')'2  + 
(ds  r — 2dr'  ■  ds  •  cos  ;-  in  which  ;■  is  the  angle  formed  by  r'  with 
ds.     We  have  then  finally 

[d  *  o-fl'+p/rp  =  ^T+[^--^^-cosr-[dAT 
in  which  y  is  obtained  by  the  formula 

•'do'  _  k-Jf>   dt 


sin  -/  = 


ds 


r'     ds  ' 


and  ■■■  >  90  when  r'  is  increasing. 

For   z   we   have   cos    <!•'  =  cos  p1'  cos(/.' — L'),    sin   z  = 

R  S1"  ■'''    .   z  >  90  when  R'  cos  <b>  >  A'. 


Condensation  of  the  above  Formulas. 


n  «.  sin/  // 

Compute     <r  =  — ; —  u 


sin/" 


<r'2  =  tr  +  o-"-  +  2  o-o-"  cos  g'    or  =  (<r  +  cr")2— 4  <ro"  sin2  A  //' 
in  which  g'  =  '——  of  the  hypothesis,  or  zero  for  the  parabola. 
sin2/"'  .  <r     .       ,  .       „       a" 


Then 


— ^-,      sm</:=  -  siu //';      sin  //'  =r  —  sin//' 
,   =  1  +  ^^  iy  V  r"  sin  /  tan  / 

r/'  -  1  +  ^^  w>"  y/r  sin/"  tan/" 
3p 


ds 


•\  r        a 


T(('_t)_(^_t') 

1  +  T 

d< ;  dr'  =  r'0— r' 

R'  sin  0' 


cos  v'''  =  cos  p1'  cos  (2/ — U)  ;  sin  2 

z>90  when  R'  cos  <&'>  A 

_  k  s/p     dt 


d\'  — 


r'        ds ' 

A"— A 


y  >  90  when  r'  is  increasing 


t"—t 


k  cos  j"  sin(/.' — i') 


di  +  cos  z-dr' 


[d  I-  cos  (T]H-  [dp']2  =  (^-r+(^)2-^;;^-eos?-(^y 

ds      dA' 
In  these  formulas,  z,  j',  —  ,   —  ,   will  not  vary,  at  least 

materially,  from  one  hypothesis  to  another.  A'  may  be 
obtained  with  sufficient  accuracy  by  interpolating  between 
r'  siu(^'+«) 


A  and  A",  or  by  A'  = 


sm  v 


i,i 


The  greater  part  of  this  computation  may,  owing  to  the 


smallness  of  the  quantities,  be  made  with  four,  or  even  three, 
places  of  logarithms. 

It  will  perhaps  be  well  to  compute  b~2  for  the  nest  hypothe- 
sis by  putting 


sin/' 
yfr> 


sin  / 


s"  = 


sin/" 
cr'Vr" 


.    .   ..  ,    ,         (s  +  s"+l)(s  +  s"—l)       . 
4  siir  if  =  i iA i  ;     &- 


4  sin2  i  f 


T-jf,cos-%g' 


rr"  sin2/' 
We  shall  then  have 

dr'  =  4  ss"  •  r'0  sin  i(9'o±g')  sin  4(//'„—  f) 
in  which  gr'0  =  — - —  of  the  hypothesis.    For  r'u  we  may  write 
/■'  with  sufficient  accuracy.     We  then  have  r\,  =  r'+dr' 


sin//: 


s     ll°  sin  g'B  sin  //"  =  s"    \l^L 

//  +  ;/"  should  be  equal  to  g'0 


sin  /„ 


Then  taking  out  w  and  to"  for  g  and  //'',  and  computing  p 
either  by  r/  and 


r/rr"am2f 


Ij   I  I         "111    _ 


or 


by  p  = 


rr"  sin2/ 


:(("—t)  a  sin-  g'„ 

in  which,  of  course,  a  is  the  value  used  for  the  hypothesis,  we 


have  t?  and  r"  by  the  formulas  above  and  /• 
the  next  hypothesis. 


r,"  (t"-f) 

(t'-t) 


for 


For  computing  the  middle  place,  as  we  may  wish  to  do  it 
more  than  once,  it  may  be  as  well  to  obtain  z  and  y,  roughly 
once  for  all,  also 
ds 


=  k  |i_L 

\|  r'       a 


dy       A"— A 


—  k  cos  p1'  sin(/' — L'), 


dt  dt  f—t 

to  which  last,  if  we  wish  to  take  account  of  second  differences, 

we  may  add  the  term  +  {f_t^f_n  [^  ~  f] in which 
e  =  t'  —  i(t  +  t")  and/=  A'  —  i(A  +  A"). 

We  then  shall  have,  making 

'ds\2      /dA'\2 


m 


dt) 


di 


and  n  =  2 


ds  ,   rfA' 

-=-  cos  r  +  -=-  cos  z 

dt         '        dt 


r,v  viia./^nM  s\n'-z-(dr')'2  +  m(dt)2  —  ndr'-dt 

(dV  cos  p')-+  (dp")-  =  -  A,v2 

in  which  dr'  is  to  be  computed  for  each  hypothesis  bv  the 

T{t'-t)-(t"-t) 


formula  above,  and  dt  by    dt 


l+i 


;  the  rest 


of  the  second  member  being  nearly  constant. 

It  is  evident  that  if  we  are  already  possessed  of  even  a 

dA' 
rough  ephemeris  giving  A',  the  values  of  A'  and  -=—  may  be 

more  easily  obtained,  taking  care  of  course  to  correct  the 
latter  for  the  motion  of  the  earth  by  the  term  k  cos  p  sin 
(/' — L'),  in  which  if  greater  accuracy  is  desired,  we  may 

_!   dR' 


multiply  k  by 


-VJl'- 


-1  and  increase  X'—L'  bv  tan 


R'dL1 


tan-1  2.303       Jt, — •    This  ansle  is  always  less  than  one  de- 
dL'  ° 

gree,  but  can  be  easily  obtained  from  the  almanac. 
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The  following  elements  were  computed  by  this  process  for 
the  Olbers  comet  from  normal  places  for  August  28  and 
September  21,  together  with  an  observation  on  October  19, 
kindly  furnished  by  Mr.  "Wendell  of  Harvard  College  Ob- 
servatory, by  permission  of  Prof.  Pickering  : 

T=  Oct.  8.4584  G.M.T. 
&  =  84°  29'  18".4 
i  =  44    33    57  .4  \-  1887.0 
w  =  65    19    25  .6 
log  e  =  9.968896 
log  a  =  1.239284 
Period  =  72.26  years. 


The  last  hypothesis  but  one,  corresponding  to  a  period  of 
74.7  years,  gave  a  discordance  for  the  middle  place,  accord- 
ing to  the  formulas  just  given,  of  only  2". 2  ;  it  might  there- 
fore well  be  doubted  whether  it  would  be  worth  while  to 
make  another,  had  the  orbit  been  quite  unknown,  especially 
as  the  third  place  depended  on  a  single  observation. 

The  coefficients  of  (dr1)-,  (dt)",  and  dr'-dt,  are  of  course 
conveniently  multiplied  by  (206265)2  in  order  that  the  dis- 
cordance may  be  expressed  in  seconds  of  arc. 


OBSERVATIONS   OF   VARIABLE    STARS   IN   1886—  (Continued), 

By  EDWIN  F.  SAWYER. 


1.  E  Coronae. 

This  star  was  under  observation  from  March  4  to  Novem- 
ber 14,  27  observations  being  obtained.  The  observed 
fluctuations  of  light  were  very  small,  not  over  2  or  3  steps. 
E  was  brightest  during  August,  when  it  was  5+  steps  >  DM. 
30°,2682,  and  only  2  steps  <  DM.  32°,2621,  or  about  6\2. 

2.  S  Coronae. 

Only  11  observations  were  obtained  on  this  star,  extend- 
ing from  March  28  to  July  19.  When  first  seen  on  March 
28,  S  was  5+  steps  <  DM.  32°, 2577,  or  about  8H.6.  The 
increase  of  light  was  rather  rapid,  and  a  maximum  was 
passed  on  May  10.  The  maximum  brightness5+  steps>DM. 
32°, 2575,  and  =  DM.  32°,2578,  or  7M.6,  this  representing 
rather  a  faint  maximum.  The  light  remained  apparently 
constant  from  April  21  to  June  4,  or  44  days.  The  decrease 
of  light  was  slow,  and  when  last  observed,  on  July  19,  S  was 
5  steps  <DM.  32°, 2575,  or  about  8M.6. 

3.  V  Cancri. 

This  star  was  observed  on  1 1  evenings,  from  February  28 
to  April  29.  When  first  seen  on  February  28,  Fwas  5  + 
steps  <  DM.  18°,1923  and  =  DM.  18°,1917,  or  8M.7.  The 
increase  of  light  was  cpiite  rapid,  a  maximum  being  passed 
on  March  29.  Maximum  brightness  =  DM.  18°,1931,  or 
about  7M.7.  When  last  observed,  on  April  29,  it  was  2  steps 
>DM.  18°,1923,  and  5  steps  <  DM.  18°,1931,  or  8M. 

4.  E  Scut!. 
A  good  series  of  observations,  38  in  number,  was  obtained 
on  this  star,  extending  from  June  4  to  December  14.  These 
observations  when  charted  exhibited  only  one  maximum  and 
two  minima.  The  first  minimum  was  passed  on  July  21,  and 
was  a  bright  one  ;  light  =  7.4  of  my  scale.  The  second 
minimum  was  a  faint  one,  and  was  reached  on  December  2  ; 
light  =0.0.     The  interval  between  the  two  minima  =  134 


days.  The  only  maximum  observed  was  passed  on  Septem- 
ber 12,  and  was  rather  a  faint  one  ;  light  =  17.2.  The  light 
at  maximum  remained  nearly  constant  from  August  5  to 
October  20,  a  period  of  76  days. 

5.  o  Ceti. 
A  good  series  of  observations,  41  in  number,  was  obtained 
on  this  star,  extending  from  1885  October  10  to  1886  March 
7.  The  increase  of  light  was  rapid,  and  a  maximum  was 
reached  on  January  9.  Maximum  brightness,  5  steps  >  237 
(U.A.)  Ceti,  and  3  steps  <  270  (U.A.)  Ceti,  or  5\4  ;  this 
representing  a  faint  maximum.  The  light  remained  appar- 
ently constant  for  the  35  days  from  1885  December  28  to 
1886  February  1.  The  decrease  of  light  was  quite  rapid  after 
February  1. 

6.  36  (U.A.)  Ceti. 
19  observations  were  obtained  oil  this  star,  extending  from 
September  29  to  1887  January  27.  When  first  seen  it  was 
1  step  >  28  (U.A.)  Ceti,  and  4  steps  <  10  (U.A.)  Ceti,  or 
tV'.G.  The  increase  of  light  from  September  29  to  October 
23  was  rapid.  The  light  remained  apparently  constant 
from  October  24  to  November  14,  when  a  further  increase 
occurred.  A  maximum  was  reached  on  December  6  ;  maxi- 
mum brightness  5  steps  >  7  (U.A.)  Ceti,  and  1  step  <  18 
(U.A.)  Ceti,  or  5". 4.  The  liglit  remained  at  a  standstill 
from  November  19  to  December  25,  or  36  days.  The  de- 
crease of  light  was  also  rapid,  and  when  last  observed, 
the  star  was  2  steps  >  28  (U.A.)  Ceti,  and  5  steps  <  7 
(U.A.)  Ceti,  or  6M.4. 

7.      W  Gygni  (Gore  1885). 
21h30m338.9,   +44°  43'.7  (1855.0). 
This  star  was  under  observation  from  1886  May  1  to  1887 
February  20,  43  observations  being  obtained-     These  obser- 
vations  when    charted  exhibit   one   well  determined   maxi- 
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mum  and  two  minima.  The  first  minimum  occurred  on  July 
8,  the  minimum  brightness  being  1  step  >  DM.  43°, 4002, 
and  4  steps  <  DM.  44°,3889,  or  6\7.  The  second  minimum, 
of  the  same  brightness,  was  passed  on  November  5,  the  in- 
terval between  the  two  minima  being  120  days.  The  maxi- 
mum occurred  on  September  10,  when  the  brightness  was  2 
steps  >  DM.  44°,3889,  and  4  steps  <  DM.  46°,3305,  or  6M.3. 
A  maximum  also  occurred  about  May  14  (increase  of  light 
not  well  observed),  and  the  star  was  again  apparently  at 
maximum  when  the  observations  terminated. 

8.  p  Persei. 
The  observations  on  this  star  were  continued  (from  the 
series  published  in  No.  151  of  this  Journal,  and  extending 
from  January  1)  until  April  22,  and  also  from  October  2  to 
December  24,  18  observations.  The  light  remained  nearly 
constant  until  November  4,  when  it  decreased  4  or  5  steps, 
and  so  remained  until  December  21.  The  minimum  occurred 
about  November  24. 

9.     R  Virgin  is. 
This  star  was  observed  on  12  evenings,  from  March  6  to 
April  29.     When  first  seen,  R  was  5+  steps  <  DM.  8°,2626, 

Cambridgeport,  1887  September  13. 


or  about  9M.0.  The  increase  of  light  was  rapid  and  uniform, 
a  maximum  being  passed  on  April  8.  Maximum  brightness 
3  steps  >  DM.  8°, 2634,  and  4  steps  <  combined  light  of 
DM.  8°, 2620,  21,  or  about  8M.0  :  this  representing  a  faint 
maximum.  When  last  observed,  R  was  =  DM.  8°, 2634, 
and  3  steps  >  DM.  8°,2626,  or  8M.2. 

10.     g  Herculis. 

The  obervations  on  this  star  extended  from  March  28  to 
November  27,  and  are. 25  in  number.  The  charted  obser- 
vations exhibit  but  one  maximum  and  one  minimum.  The 
minimum  occurred  on  June  14,  and  was  a  faint  one.  The 
maximum  was  passed  about  September  20.  The  light  re- 
mained nearly  constant  from  July  19  to  November  4,  a  period 
of  108  days. 

11.     R  Ursae  Major  is. 

8  scattering  observations  were  obtained  on  this  star,  ex- 
tending from  March  24  to  June  4.  When  first  seen,  R  was 
.".+  steps  <  DM.  70,622,  or  about  8M.8.  The  increase  of 
light  appeared  quite  rapid,  and  a  maximum  was  passed 
about  April  29.  When  last  observed,  on  June  4,  R  was  = 
DM.  69°, 584,  and  3  steps  <  DM.  69°,579.  or  8M.2. 


ON  THE   STRUCTURE   OP  13  M  HERCULIS, 

By  PitOF.  MARK  W.  HARRINGTON. 


The  great  cluster  in  Hercules  has  been  frequently  figured 
and  always,  with  one  exception,  as  a  globular  mass  of  stars 
much  condensed  in  the  center.    Lord  Rossk's  observers  alone 


Fig.  1. 


The  Great  Cluster  as  seen  in  Lord  Rosse's  Reflecting 
Telescope  —  the  Hook  above. 


found  it  crossed  by  three  dark  rifts,  as  shown  in  Figure  1, 
which  is  a  copy  of  their  drawing,  the  position  only  being 
changed  iu  order  to  bring  the  notable  hook  above. 

Last  spring  I  spent  some  time  in  studying  this  cluster  with 
the  aid  of  Mr.  H.  C.  Markham,  an  artist  whose  sight  I  have 
found  to  be  remarkably  keen.  We  very  soon  found  that 
under  favorable  circumstances,  and  with  high  powers,  we 
were  able  to  see  the  rifts  which  had  been  figured  by  Lord 
Rosse,  and  this  was  done  before  Mr.  Markham  knew  of 
Lord  Rosse's  drawing.  The  rifts  were  somewhat  difficult 
objects,  but  witli  proper  precautions,  they  were  frequently 
seen  by  Mr.  Markham  and  myself,  and  also  by  Assistant 
Schaeberle.  After  following  them  for  about  a  mouth  the 
drawing.  Figure  2,  was  made.  I  could  not,  however,  make 
any  measurements,  as  after  illumination  of  the  wires  of  my 
micrometer,  I  could  not  see  the  rifts. 

The  rifts  were  seen  with  both  the  6-inch  and  12-iuch 
equatorials.  They  came  out  more  and  more  plainly  with 
increase  of  magnifying  power,  until  500  or  600  was  readied. 
With  higher  powers  the  rifts  seemed  to  increase  and  spread, 
and  the  cluster  broke  up  into  small  clusters  and  scattered 
stars. 

The  resemblance  of  Figure  2  to  Figure  1  is  uumistakable. 
Taking  the  hook  above  as  a  starting  point  we  have  the  three 
canals  radiating  iu  the  one  case  as  in  the  other. 
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The  absence  of  the  blighter  outlying  stars  in  Figure  2  is 
without   significance,  as  no  attempt   was  made   to  include 

Fig.  2.     The  Great  Cluster  with  a  Power  of  500  or  600, 
Ann  Arbor. 


II.  Makkham. 


April  Jo,  ISS7. 


Observatory,  Ann  Arbor,  1887  August  29. 


them.  Aside  from  that,  while  the  geueral  resemblance  be- 
tween the  two  figures  is  notable,  the  differences  in  detail  are 
remarkable.  The  upper  or  south  rift  is  much  broader  and 
shorter  in  the  later  figure.  The  preceding  rift  is  the  best 
marked,  and  is  much  alike  in  the  two  drawings.  The  north 
or  lower  rift  is  much  less  marked,  and  is  decidedly  shorter 
in  the  later  figure.  In  Lord  Rosse's  drawing  the  radiating 
point  of  the  rifts  is  nearly  central ;  in  Mr.  Maukiiam's  it  is 
shifted  backwards.  In  the  first  the  central  condensation  is 
not  marked  ;  in  the  second  it  is  preceding  and  slightly  below 
the  radiating  point.  I  may  sav  that  the  drawing  was  made 
before  we  permitted  ourselves  to  refer  to  Lord  Rossic's  draw- 
ing. As  to  the  significance  of  these  rifts  I  can  not  make  any 
suggestion.  They  are  so  elusive  that  I  sometimes  almost 
doubted  their  existence,  but  I  found  that  with  patience  I 
could  always  see  them  ;  and  when  after  the  completion  of 
our  drawing  we  finally  compared  it  with  Lord  Rosse's,  we 
could  no  longer  doubt  that  we  had  seen  what  had  been  seen 
by  his  observers.  Whatever  the  rifts  are,  it  seems  certain  that 
they  have  shifted  their  position  slightly  in  the  fifty  or  more 
years  which  have  elapsed  since  the  first  drawing  was 'made. 


NOTE  ON  THE  DETERMINATION  OF  THE  CONSTANT  OF  ABERRATION, 


By  Prof.  GEORGE  C.  COMSTOCK. 


In  the  Comptes  Rendus  for  January  11,  1886,  M.  Loewy 
has  suggested  the  mounting  of  a  prism  with  silvered  faces 
in  front  of  the  objective  of  an  equatorial  telescope  in  such 
a  manner  that  rays  of  light  coming  from  two  stars  in  very 
different  parts  of  the  heavens  may  be  simultaneously  re- 
flected into  the  telescope,  and  he  has  shown  that  the  angu- 
lar distance  between  two  stars  may  be  very  accurately 
measured  in  this  way.  The  distance  will  be,  in  fact,  twice 
the  angle  of  the  prism  plus  the  apparent  distance  of  the 
stars  as  seen  in  the  field  of  the  telescope.  In  subsequent 
numbers  of  the  Comptes  Rendus  an  analysis  is  made  of  the 
application  of  this  method  to  the  determination  of  the  con- 
stant of  aberration.  A  resume  of  these  papers  is  contained 
in  the  Bulletin  Astronomique  for  April  and  June,  1887,  and 
need  not  be  reproduced  here,  as  the  purpose  of  the  present 
article  is  to  consider  a  single  feature  of  the  method,  the 
proper  value  to  be  assigned  to  the  angle  of  the  prism. 

If  we  denote  by  A  the  angle  between  the  reflecting  sur- 
faces of  the  prism,  by  d  the  measured  distance  between  the 


reflected  images  of  two  stars  as  seen  in  the  field  of  view  of 
the  telescope,  and  by  A  the  angular  distance  of  the  two 
stars,  and  neglect  for  the  present  the  effect  of  refraction 
upon  this  distance,  we  shall  have 

A  =  2.1  +  d 

The  effect  of  aberration  upon  the  apparent  distance  of  two 

stars  is, 

— 2k  cos  f>  sin  £A    sin(0 — -*)  , 

k  denoting  the  constant  of  aberration,  O  the  sun's  longitude, 
and  ).  and  fi  the  longitude  and  latitude  of  the  middle  point  of 
the  arc  joining  the  two  stars.  If  the  apparent  distance  of 
the  stars  is  measured  at  the  instants  when  O  =  J.+90°  and 
X — 90°,  we  shall  have  at  these  two  epochs  respectively, 

A1  =  2 A +dl  =  A0 —  2k  cos  (5  sin  £A0 
A2  =  2A+d2  =  A0  +  2k  cos  (5  sin  £A0 

If  it  could  be  assumed  that  the  angle  of  the  prism,  A,  was 
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the  same  at  the  two  epochs,  we  should  have  at  once  from 
these  equations 

d,  —  dx 


k  = 


4  cos  p'  sin  tA„ 


but  as  the  two  observations  are  separated  by  an  interval  of 
six  months,  the  assumption  of  a  constant  value  for  A  seems 
hardly  permissible.  Of  the  various  methods  by  which  the 
difficulty  arising  from  possible  variation  of  the  angle  of  the 
prism  may  be  avoided,  the  most  complete  one  seems  to  be 
the  use  of  an  equiangular  prism,  all  of  whose  faces  are  sil- 
vered. Each  of  the  angles  of  the  prism  should  be  used  for 
the  measurement  of  the  distances  \  and  A2.  The  quantity 
A  will  in  this  case  represent  the  mean  of  the  three  angles  of 
the  prism,  which  must  always  be  GO0.  We  may  even  suppose 
the  faces  of  the  prism  to  be  slightly  curved,  and  the  normals 
to  these  faces  not  to  lie  exactly  in  the  same  plane,  without 
invalidating  the  assumption.  A  =  a  constant ;  for  the  prism 
may  be  so  mounted  that  the  same  portion  of  each  face  shall 
always  be  used,  and  as  this  will  always  be  a  small  surface, 
and  the  curvature  is  supposed  small,  the  face  may  be  as- 
sumed to  coincide  with  its  osculating  sphere.  The  mean  of 
all  the  rays  reflected  from  this  face  will  then  be  parallel  to 
the  ray  reflected  from  the  tangent  plane  at  the  middle  point 
of  the  face,  and  for  the  actual  faces  of  tl)e  prism  we  may 
suppose  the  three  tangent  planes  to  be  substituted.  The 
mean  of  the  three  angles  of  the  prism  formed  by  these  tan- 
gent planes  will  exceed  60°  by  one-third  the  spherical  excess 
of  a  triangle  whose  sides  are  the  mutual  inclinations  of  the 
edges  of  the  prism,  a  quantity  which  amounts  to  only  0".03 
when  the  inclination  of  each  pair  of  edges  is  5',  which  latter 
quantity  is  far  in  excess  of  any  change  to  be  expected  in  the 
prism.  Should  it  be  thought  necessary  the  inclinations  of 
the  edges  of  the  prism  can  easily  be  measured,  and  the  mean 
value  of  its  angles  determined  with  a  very  high  degree  of 
precision  ;  and,  in  case  this  were  done,  observations  with  the 
prism  would  be  available  for  determining  the  absolute  dis- 
tance of  the  stars  of  any  pair,  thus  furnishing  a  valuable 
control  upon  the  places  of  the  stars  and  the  systematic  errors 
of  star-catalogues. 

One  apparent  objection  to  the  use  of  a  60°  prism,  must, 
however,  be  considered.  The  angular  distance  between  the 
stars  to  be  observed  will  differ  but  little  from  120°,  and.  as 
in  a  determination  of  the  constant  of  aberration  the  middle 
point  of  the  arc  joining  the  stars  must  lie  near  the  ecliptic, 
the  stars  themselves  at  the  times  of  observation  will  be  at 
great  zenith  distances,  where  the  definition  is  relatively  bad 
and  the  images  unsteady,  conditions  which  tend  to  produce 
large  errors  of  observation.  What  the  actual  magnitude  of 
these  errors  will  be  can  be  determined  only  by  the  discussion 
of  a  series  of  observations,  but  the  following  considerations 
render  it  probable  that  they  will  not  be  greater  than  in  the 
case  of  stars  nearer  the  zenith. 

If  we  denote  the  probable  error  of  a  determination  of  k 


by  the  symbol  r(k)  with  like  expressions  for  the  probable 
errors  of  other  quantities,  we  shall  have 

4  cosp1  sin  ^A 
The  quantities   cl,  and  dx   are  determined   independently, 
but  under  similar  circumstances,  and  we  may  assume 

r(d,-dl)  =  ^2r(d). 

This  quantity  r(d)  will  depend  upon  the  skill  of  the 
observer,  the  character  of  his  instrument,  and  the  atmos- 
pheric conditions  uuder  which  the  observations  are  made. 
Its  absolute  magnitude  cannot  be  assigned  in  advance  of 
observation,  but  in  the  absence  of  other  data  we  may  pro- 
visionally assume  that  the  variation  of  r(d)  with  the  zenith 
distance  of  the  stars  observed  will  in  general  be  similar  to 
that  which  obtains  in  the  case  of  probable  errors  of  decli- 
nations observed  at  various  zenith  distances  with  a  meridian 
circle.     In  accordance  with  this  assumption  wu  put 

r(d)  =/■  r(8), 

/being  some  unknown,  but  constant  factor.  For  the  sake 
of  simplicity,  I  shall  assume  /=  V2~>  a  value  which  is 
probably  much  too  large,  d  being  the  result  of  a  simple  dif- 
ferential measurement,  while  £  is  an  absolute  determination. 
Making  these  substitutions,  we  find 

2  cosp  sin  iA 
To  determine  the  law  of  variation  of  r(8)  with  the  zenith  dis- 
tance of  the  body  observed,  1  have  discussed  the  observations 
made  with  the  meridian  circle  of  the  Washburn  Observatory 
from  June,  1884,  to  July,  1885  inclusive.  For  this  purpose 
I  selected  four  zones,  and  made  use  of  all  stars  within  these 
zones  which  had  been  observed  five  or  more  times  by  ob- 
servers II.  and  C.  I  thus  find  the  numbers  contained  in  the 
following  table  : 


mtts  of  Declination. 

No.  Stars. 

No.  Besid. 

Mean  Z.D. 

r<<5) 

+  37°  to  +52° 

27 

226 

4  = 

±0".:14 

+    1     to  —  5 

34 

233 

45 

0  .41 

—22     to  —32 

42 

275 

70 

0  .51 

11 

81 

i  i 

0  .64 

In  the  last  zone,  on  account  of  insufficient  data.  I  have 
made  use  of  stars  on  both  sides  of  the  zenith,  between  the 
limits  75°  and  78°. 5  zenith  distance.  These  probable  errors 
are  represented  by  the  empirical  formula 

r{8)  —  ±  (0".34  +  0".07  tan  e) 

as  follows : 

0".34  0".41  0".53  0".64 

Whatever  objections  may  be  urged  against  the  legitimacy 
of  the  assumption  upon  which  the  value  of  r(8)  at  77"  zenith 
distance  was  derived,  it  appears  from  a  comparison  of  the 
numbers  computed  from  the  formula,  with  the  probable 
errors  derived  from  the  observations    themselves,  that  the 
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effect  of  including  this  last  zone  in  the  derivation  of  the 
formula  for  r(8)  has  not  been  to  increase  the  accuracy  as- 
signed to  observations  at  great  zenith  distances. 

This  formula  for  r(d)  enables  us  to  express  r(k)  numeri- 
cally as  follows  : 

_       0".34  +  0".07  tan  z 
2  cos  p1  sin  £  A 

The  stars  to  be  observed  for  a  determination  of  the  con- 
stant of  aberration  will  be  situated  near  the  ecliptic,  or  near 
the  equator,  and  as  it  is  desirable  that  the  observations 
should  lie  made  at  nearly  equal  temperatures,  the  middle 
point  of  the  arc  joining  the  stars  should  be  about  'JO0  distant 
from  the  equinox,  which  will  make  corresponding  obser- 
vations occur  in  the  spring  and  autumn.  The  zenith  dis- 
tances of  the  stars  at  the  time  of  observation  will  be  given 
for  these  two  eases  respectively   by  the  formulas 

ens  z  =  cos (9' — f)  cos  h  A 
cos  z  =  cos  if  cos  A-  A 

e  denoting  the  obliquity  of  the  ecliptic. 

From  the  preceding  formulas,  I  have  computed  the  values 
of  z  and  r(k)  corresponding  to  several  assumed  values  of 
the  angle  of  the  prism,  and  find  for  the  latitudes  of  the  Wash- 
burn Observatory,  43°,  the  following  quantities  : 

Angle  of  Prism  30°         4oD         50°         60°         70° 

( z  35°  4-4°  5'^°  6*)0  71° 

Arc  in  Ecliptic  j  ^^  ±  Q„  3g     0„_32     Q„28     Q„  ^     Q„2Q 

Washburn  Observatory,  Madison,   1887  December  2. 


Arc  in  Equator  ^.(A,)±0„43     Q„  ^     ^     Q„  3Q     0„_33 

Beyond  70°  the  computation  ought  not  to  be  extended,  as 
the  formula  for  r(d)  cannot  be  relied  upon  beyond  the  limits 
of  the  observations  from  which  it  was  deduced,  but  the  com- 
putation as  it  stands  shows  that  the  probable  error  of  a  de- 
termination of  k  passes  through  a  minimum  for  a  value  of 
the  angle  of  the  prism,  differing  but  little  from  60°.  It 
should,  however,  be  borne  in  mind  that  the  above  values  of 
r(k)  cannot  be  considered  as  the  probable  errors  of  a  de- 
termination of  k ;  they  are  simply  a  series  of  numbers  sup- 
posed to  be  proportional  to  the  probable  errors. 

From  this  discussion  we  conclude  that  the  use  of  a  60° 
prism  for  a  determination  of  the  constant  of  aberration  is  to 
be  recommended,  on  the  ground  that  the  results  are  free 
from  systematic  error,  arising  from  deformation  of  the  prism 
between  the  times  of  observation,  and  that  the  effect  of 
accidental  errors  of  observation  is  approximately  a  mini- 
mum fur  this  value  of  the  angle.  The  maximum  of  sim- 
plicity is  also  secured  by  this  choice  of  an  angle,  since  a 
complete  determination  of  the  constant  can  be  obtained  from 
each  pair  of  stars  observed,  while  by  the  methods  hitherto 
proposed  two  pairs  of  stars  must  be  combined  in  order  to 
eliminate  the  effect  of  possible  variations  in  the  angle  of  the 
prism. 


OBSERVATIONS  OF  X   CYGNI. 


20h 


43"  +  35°  3'.6  (1855). 


By  S.  C.  CHANDLER,  Jr. 


The  following  are  all  the  maxima  and  minima  of  this  star 
which  my  observations  afford  to  the  present  time.  The 
epochs  are  numbered  from  the  maximum  occurring  nearest 
the  date  of  discovery.  The  times  of  maximum  and  minimum 
phases  have  been  determined  both  by  single  curve  drawings, 
and  by  reference  to  a  mean  light-curve  formed  from  all  the 
observations.  Those  here  given  result  from  the  latter  method, 
although  it  is  doubtful  whether,  in  this  case,  there  is  any 
reason  for  preference,  as  the  star  distinctly  belougs  to  the 
class  whose  light-curves  are  not  constant  in  different  periods. 
Its  brightness  at  minimum,  especially,  is  notably  variable, 
sometimes  falling  not  quite  to  the  star  d,  at  other  times  a 
half-magnitude  below  it.  The  bright  and  faint  minima  do 
not  alternate  regularly,  so  that  the  star  does  not  belong  to 
the  p1  Lyrm  type. 


E 

Observed 

Maxima. 

Observed 

Minima. 

Canib.  M.T. 

O— C 

P 

Camb.  M.T. 

O— C 

P 

isse          d 

a 

1886              d 

d 

3 

Nov.  28.3 

—0.9 

1 

Nov.  25.0 

+  2.3 

1 

4 

Dec.   13.7 

—1.1 

1 

Dec.     8.6 

+  0.5 

1 

5 

1887    3 1 .  y 

+  1.5 

1 

las?     25.0 

-1.3 

1 

6 

Jan.    16.1 

+  1.1 

h 

Jan.    11.3 

+  0.8 

1 

22 

Sept.  21.2 

—0.4 

1 
•J 

23 

Oct.      7.4 

+  0.2 

1 

24 

22.7 

—0.1 

1 

Oct.    15.3 

—0.3 

1 

25 

Nov.    8.3 

+  0.9 

1 

31.1 

—1.7 

1 

26 

23.7 

+  0.7 

1 

Nov.  16.9 

—0.5 

1 

27 

Dec.     4.3 

+  1.3 

1 
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The  most  satisfactory  elements  yet  found  are 

1855.0 

a                    8 

h        m       9                 °          1 

20  23  48     +35  58.5 

L 

1886  Oct.  13d  14h  20™  Greenw.  M.T. 

+  15J  14h  24m  E. 

a 

15 

Approximate  duration  of  increase, 
"              decrease. 

5.6  days. 
10.0     " 

b 
d 
f 

20  36    ).",          34  56.4 
2d  34   16          34  52.5 
20  35     9         34  31.4 

10 

7 
6 

The  comparison  with  these  elements  is 

given  in  the  column 

wher 

e  the 

values  of  L  are  of  a  very  provisional  character. 

(O-C). 

The 

maximum  1 

rilliancv  of  the  variable  is 

ordiuarilv  about 

The  comparison-stars  used,  are 

6M.4 

:  the 

minimum  brilliancy  ranges  from  'i 

"2  to  7M.7. 

Cambridge,  1887  Dea  mbi  r  9. 


OBSERVATIOXS   OF   THE   TWO   HUXDRED   SEYEXTY-FIRST   ASTEROID, 

MADE   AT   THE    D.    S.    NAVAL   OBSERVATORY    WITH   THE  9.6   INCH   EQUATORIAL. 

By  Prof.  EDGAR  FRISBY. 
(Communicated  by  the  Superintendent.) 


1887  Washington  M.T. 


±              No.  Planet — •  %                                     Planet's  apparent                              logy  A 

Comp.  Ja                      ^S                              a                                   §                         fora             for  i 

h          m       s  111          s                                 I           il                         h      m          5                                             O          f            "                      8                         " 

Oct.  21       9  48  55.2         1           20,3  +1  59.26        —0  18.2  1  8  25.39               +11   40  55.4      «9.187     0.612 

22       9  29  38.6         1            17,4  +1   12.41        —4  15.5  1   7  38.55              +11  36  58.1       «9.269     0.617 

Mean  Place  for  1887.0  of  Comparison—Star. 

*                    a  Red-t0                    8  Bed\t0                  Authority 

"-  app.  place  app.  place 

1            1  6m 23J3  +  .>.*00         +1140  57.1         +  lo".5               Grant  287 


ERRORS  IX   SHORTREDE'S   LOGARITHM-TABLES. 

To  those  who  use  Shortrede's  tallies  of  logarithm  sines,  tangents,  etc.,  it  may  be  useful  to  know  of  the  following  typographical 
errors  found : 

Page    27.     In  table  of  Prop,  parts,  under     17'  50". 2.     for  196  read  1st;. 
Page  535.     cos  39°  47' 37",     for  3619  read  5619. 

The  latter  error  was  discovered  and  reported  to  tin-  ( !oas1  Survey  Office,  and  to  Prof.  George  Davidson  in  January.  1870 :  also  to  the 
Loudon  publishers.     The  former  has  lately  been  found, —  both  by 

JAMES  S.  LAWSON,  Asst.  C.  and  G.  Surrey. 
San  Francisco,  Cal.,  1887  November  25. 


CORRIGEXDA   IX   No.   163. 

Page  146.     Eq.  3,  second  term,  transfer  r"2  from  denominator  to  numerator. 

147.       "13,  fourth  line,  first  term,  read     cos(2«'J— 2n"t— oj'+o")- 

"         "    "  second  line,  tin-  numerators  of  all  but  the  firsl  of  the  inferior  indices  should  be  5. 

"         "  10,  third  line,  the  numerators  of  all  the  inferior  indices  should  be  7. 

14s.      •■  17.  first  line,  for  mr  put  roV. 

"23.  second  line,  second  term,  f or  n"  put  A* in  the  coefficient. 
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MERIDIAN   OBSERVATIONS    OF    MISCELLANEOUS    STARS    AT    THE    DUDLEY 

OBSERVATORY. 

By  H.    V.    EGBERT. 


The  following  list  is  composed  largely  of  stars  used  for 
comparison  with  the  comet  1882  I  (Wells),  such  having  been 
selected,  in  general,  as  were  too  faint  to  be  included  in  the 
observing  lists  of  the  A.  G.  Zones.  Others  were  used  with 
the  comets  1884  I  and  II.  1885  II,  and  1886  I.  A  few  were 
observed  by  request  for  the  Cincinnati  Observatory,  and  at 


thr  close  art'  added  three  observations  of  the  temporary  star 
in  the  nebula  of  Andromeda.  For  stars  of  less  declination 
than  +42°  40',  the  chronograph  was  used,  while  for  those 
of  greater  declination  the  eye-and-ear  method  was  employed. 
The  stais  of  the  Berliner  Jahrbuch  have  been  used  as  funda- 
mental. 


No. 

DM. 
Mag. 

No. 
Obs. 

A .  K .  1SS5.0. 

prec. 

Dec.  1885.0. 

prec. 

Epoch 

1880  + 

DM. 

No. 

1 

8.5 

6 

h   in   « 
0  15  52. O;.' 

3!.lo:; 

O     1               M 

+  74  25  43.9 

+  20'.01 

5.40 

O 

+  74 

8 

2 

9.0 

4 

0  34  25.  44 

3.77;; 

74  3  20.5 

19.83 

4.89 

73 

29 

3 

9.4 

2 

0  39  45.43 

3.161 

20  59  20.5 

19.75 

6.46 

20 

99 

4 

7.3 

2 

0  40  39.76 

3.163 

20  59  45.2 

19.74 

6.45 

20 

103 

5 

9.1 

3 

0  47  30.54 

4.037 

+  74  5  6.9 

19.62 

4.89 

+  73 

45 

6 

7.5 

3 

1  8  41.57 

3.033 

—  5  .".'.i  8.9 

19.16 

5.04 

—  5 

215 

7 

9.4 

2 

1  49  19.83 

4.949 

+  71  53  21.4 

17.81 

4.95 

+  71 

112 

8 

7.3 

3 

2  3  52.51 

2.820 

—20  <;  54.6 

17.19 

5.99 

—20 

404 

9 

8.8 

2 

2  20  14.35 

5.171 

+  69  53  50.6 

16.42 

4  97 

+  69 

150 

10 

9.4 

2 

2  24  20  99 

5.209 

69  45  50.8 

16.21 

5.01 

69 

159 

11 

9.0 

3 

2  27  36.03 

5.229 

+  69  35  4.8 

16.04 

4.97 

+  69 

166 

12 

7.9 

3 

2  30  42.12 

■  2.812 

—17  38  50.9 

15.87 

5.99 

—17 

502 

13 

8.9 

2 

2  35  57.78 

5.244 

+  68  49  29. 3 

15.59 

4.97. 

+  68 

191 

14 

9.3 

2 

2  53  21.68 

5.250 

67  8  57.9 

14.58 

5.01 

67 

238 

15 

9.1 

3 

2  56  39.48 

5.298 

67  17  16.0 

14.40 

4.99 

67 

243 

16 

8.8 

3 

2  59  53.38 

5.261 

+  66  38  43.4 

14.19 

4.97 

+  66 

245 

17 

6.7 

3 

3  10  3.70 

2.703 

—20  26  47.6 

13.54 

5.99 

—  20 

605 

18 

8.2 

1 

3  25  55.13 

3.204 

+  7  10  28.0 

12.49 

6.06 

+  7 

517 

19 

9.5 

2 

3  53  50.42 

4.894 

+  57  58  31.8 

10.49 

5.05 

+  57 

766 

20 

6.4 

3 

4  1  27.64 

2.687 

—18  21  39.6 

9.92 

6.10 

—18 

752 

21 

9.1 

2 

4  23  42. 1G 

4.369 

+  46  44  0.5 

8.18 

5.09 

+  46 

893 

22 

8.1 

2 

4  30  19.04 

4.214 

+  42  44  6.8 

7.65 

5.09 

+  42 

1015 

23 

7.3 

3 

4  45  41.17 

2.634 

—19  5  48.2 

+  6.39 

6.10 

—19 

1023 

24 

8.5 

2 

6  12  26.06 

2.541 

—21  42  5.4 

—  1.09 

5.16 

—21 

1410 

25 

8.1 

2 

7  2  31.96 

3.432 

+  15  36  44.5 

5.40 

5.21 

+  15 

1482 

26 

8.8 

2 

7  27  16.86 

3.407 

15  5  4.6 

7.45 

5.21 

15 

1601 

27 

8.5 

2 

7  43  28.78 

3.391 

14  58  53.2 

8.75 

5.21 

15 

1673 

28 

9.5 

2 

7  54  51.61 

3.380 

14  40  36.9 

9.63 

5.21 

14 

1806 

29 

8.8 

2 

7  59  40.30 

3.374 

+  14  34  40.0 

10.00 

5.21 

+  14 

1822 

30 

8.2 

2 

8  3  49.65 

2.624 

—21  21  54.0 

—10.32 

5.24 

—21 

2290 
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No. 

DM. 

Mag. 

No. 
Obs. 

A.R.  1885.0. 

prec. 

Dec.  1885.0. 

prec. 

Epoch 

DM. 

No. 

h   m   ■ 

■ 

o    /     11 

n 

O 

31 

9.5 

2 

8  16  28.60 

3.352 

+  14  9  55.3 

—  11.25 

5.21 

+  14 

1882 

32 

2 

8  49  14.42 

3.308 

1".  25  37.6 

13.50 

5.26 

Anon 

33 

7.5 

2 

8  53  7.53 

3.306 

13  31  12.6 

13.75 

5.26 

13 

2021 

34 

9.0 

2 

9  4  31.12 

3.287 

13   1  21.5 

14.46 

5.26 

13 

2050 

35 

8.5 

2 

9  14  42.08 

."..267 

12  26  44.2 

15.06 

5.26 

12 

2021 

36 

8.0 

2 

9  30  9.62 

."..244 

11  56  16.5 

15.92 

5.26 

12 

2067 

37 

7.0 

2 

9  41  15.(11 

3.236 

12  5  58.3 

16.49 

5.26 

12 

2095 

38 

9.1 

2 

9  4  7  17.31 

3.221 

+  11  :io  28.6 

16.7s 

5.28 

+  11 

2120 

39 

6.0 

3 

9  4!'  LI. 95 

2.7M' 

—21  56  41.0 

16.88 

5.29 

—21 

2935 

40 

9.0 

2 

9  52  20.44 

3.209 

+  10  58  18.6 

17.02 

5.28 

+  11 

2133 

41 

7.0 

2 

10  1  42.17 

2.823 

—20  41  43.4 

17.44 

5.29 

—20 

3104 

42 

9.3 

2 

in  34  23.13 

3.154 

+  9  30  14.0 

18.67 

5.30 

+  9 

2384 

43 

9.3 

2 

10  36  47.89 

3.150 

9  16  46.7 

18.75 

5.30 

9 

2395 

44 

2 

10  40  45.20 

3.145 

9  7  54.6 

18.87 

5.31 

Anon 

45 

9.3 

2 

10  41  5G.47 

3.143 

8  57  50.:: 

18.9(1 

5.30 

9 

2409 

46 

8.3 

3 

10  46  25.20 

3.138 

8  49  24.1 

19.03 

5.29 

8 

2423 

47 

9.2 

2 

10  50  39.92 

3.134 

8  43  20.1 

19.14 

5.29 

8 

2436 

48 

9.2 

2 

10  51  30.29 

3.132 

8  38  37.0 

19.16 

5.30 

8 

2437 

49 

8.2 

2 

10  57  42.."..". 

3.124 

8  12  6.3 

19.32 

5.30 

8 

2452 

50 

9.5 

2 

10  58  31.94 

3.125 

8  26  27.4 

19.34 

5.29 

8 

2454 

51 

9.0 

2 

11  0  9.47 

3.121 

7  56  41.8 

19.37 

5.30 

8 

2456 

52 

9.4 

2 

11  8  44.28 

3.112 

7  30  44.8 

19.55 

5.29 

7 

2427 

53 

9.1 

2 

11  9  16.16 

3.112 

7  39  44.9 

19.56 

5.30 

7 

2429 

54 

2 

11  19  53.08 

3.102 

.7  8  7.8 

19.75 

.V_".t 

Anon 

55 

9.5 

2 

11  22  48.09 

3.099 

6  55  15.7 

19.79 

5.29 

7 

2451 

56 

8.9 

2 

11  38  24.65 

3.086 

6  4  21.4 

19.96 

5.29 

6 

2490 

57 

8.8 

2 

11  .".4  21.99 

3.075 

5  16  23.4 

20.05 

5.29 

5 

2568 

58 

9.2 

2 

12  2  34.02 

3.071 

4  31  54.0 

20.05 

:>.l'9 

4 

2577 

59 

9.2 

2 

16  29  51.22 

1.036 

+  58  45  54.0 

7.69 

5.46 

+  58 

1647 

60 

9.4 

2 

16  58  4.07 

3.323 

—  10  59  6.0 

.-,.:;:, 

."> . .".  7 

—10 

4435 

61 

9.0 

2 

17  4  55.00 

3.300 

9  57  23.6 

4.77 

5.55 

9 

4510 

62 

8.5 

2 

17  6  38.91 

3.315 

10  32  43.1 

4.63 

5.57 

10 

4  456 

63 

9.0 

2 

17  10  2.96 

3.236 

7  8  2.4 

4.34 

.'>.:.  4 

" 

4415 

64 

7.0 

2 

17  19  48.66 

3.222 

6  28  42.4 

3.50 

5.54 

6 

4592 

65 

8.9 

2 

17  19  59.63 

3.195 

5  is  :>•'>..-. 

3.48 

5.54 

5 

4444 

66 

8.5 

2 

17  22  34.32 

3.200 

—  5  32  36.7 

3.26 

5.5  1 

—  5 

4449 

67 

9.3 

2 

17  59  54.26 

2.1."..". 

+  34  31  5.4 

—  0.01 

."..61 

+  34 

3108 

68 

8.9 

2 

18  2  44.IMI 

2.058 

37  11   1.1 

+  0.24 

5. ill 

37 

3018 

69 

8.8 

2 

18  3  5  90 

2.090 

36  18  57.8 

.|.27 

5.61 

36 

3020 

70 

8.7 

2 

18  5  20.58 

2.099 

36  3  57.2 

n.47 

5.61 

36 

3035 

71 

7.7 

2 

18  7  52.74 

2.034 

.".7  51  37.8 

0.69 

5.61 

37 

3041 

72 

6.0 

3 

18  9  14.65 

2.001 

38  44  31.1 

0.81 

5.63 

38 

3113 

73 

9.5 

2 

18  12  21.08 

1.988 

39  •".  46.7 

1.08 

5.61 

39 

3370 

74 

9.4 

2 

18  l.",  45.74 

1.962 

!9  15  35.4 

1.20 

5.61 

39 

3374 

75 

9.3 

2 

18  15  49.94 

1.927 

Hi  39  45.6 

L.38 

5.61 

40 

3342 

76 

9.1 

3 

L8  20  2.62 

1.876 

41  56  12.4 

1.75 

5.61 

41 

3041 

77 

7.8 

4 

18  25  46.87 

1.751 

44  50  23.2 

2.25 

5.66 

44 

2909 

78 

8.8 

2 

18  27  16.24 

1.772 

44  24  13.4 

2.38 

6.61 

44 

2913 

79 

6.8 

4 

18  29  3.76 

1.730 

4.->  41  19.0 

2.54 

5.70 

45 

27."6 

80 

3 

18  29  18.22 

1.754 

44  49  34.7 

2.56 

."..1:7 

Anon 

81 

9.5 

3 

18  31  55.82 

1.719 

45  38  20.6 

2.78 

5.64 

45 

2  743 

82 

9.4 

2 

18  32  21.88 

1.722 

45  34  34.2 

2.82 

5.69 

45 

2744 

83 

2 

18  32  11. mi 

1.681 

If,  25  10.8 

2.86 

5.68 

Anon 

84 

8.0 

3 

18  3:;  55.79 

1.723 

45  34  21.3 

2.96 

5.72 

45 

2747 

85 

9.4 

2 

18  34  25.56 

1.682 

46  27  0.0 

3.00 

."..70 

46 

2517 

86 

8.8 

2 

18  34  33.94 

1.691 

+  46  15  29.1 

+  3.01 

."..71 

+  46 

2518 
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No. 

DM. 
Mag. 

No. 
Obs. 

A.R.  1885.0. 

prec. 

Dec.  1885.0. 

prec. 

Epoch 

lsso+ 

DM. 

No. 

87 

9.4 

2 

h    in   s 

is  36  13.02 

L678 

+46° .■;.■;'  26.4 

it 
+  3.16 

5.66 

+  46° 

2524 

88 

9.5 

3 

18  36  54.89 

1.646 

47  13  26.7 

3.22 

5.68 

47 

2674 

89 

9.1 

2 

l.s  37  7.81 

1.646 

4  7  13  53.3 

3.23 

5.64 

47 

2675 

90 

8.8 

2 

18  37  55.60 

1.642 

47  19  51.3 

3.30 

5.70 

47 

2677 

91 

9.3 

o 

l.s  40  41.47 

1.602 

48  10  5.4 

3.54 

5.66 

48 

2753 

9-2 

9.3 

1 

is  10  16.19 

1.600 

48  12  38.1 

3.55 

5.62 

48 

2754 

93 

9.1 

2 

18  ID  56.90 

1.604 

48  8  3.2 

8.56 

5.68 

48 

2755 

94 

9.1 

4 

18  41   1.24 

1.607 

48  4  39.3 

3.57 

5.69 

48 

2756 

95 

6.3 

3 

18  44  39.78 

1.566 

48  56  46.6 

3.88 

5.68 

48 

2767 

96 

8.3 

2 

18  45  11.51 

1.526 

49  42  45.3 

3.93 

5.64 

49 

2872 

97 

9.0 

■2 

18  45  57.26 

1.514 

49  57  11.3 

3.99 

5.65 

49 

2874 

98 

8.5 

3 

18  48  40.71 

1.418 

51  41  25.1 

4.23 

5.65 

51 

2440 

99 

9.5 

3 

18  52  1.50 

1.410 

51  55  3.9 

4.51 

5.65 

51 

2458 

100 

7.3 

3 

is  ;,i  19.52 

1.435 

51  34  2.0 

4.71 

5.68 

51 

2464 

101 

8.2 

2 

18  51  14.90 

1.299 

53  46  48.4 

4.74 

5.64 

53 

2157 

102 

8.5 

1 

18  58  14.7s 

1.318 

53  35  13.6 

5.04 

5.62 

53 

2167 

103 

1 

18  58  58.23 

1.281 

54  11  20.5 

5.08 

5.64 

Anon 

104 

9.1 

2 

19  0  6.90 

1.325 

53  31  55.7 

5.20 

5.64 

53 

2173 

105 

7.5 

7 

19  1  27.50 

1.284 

54  13  0.0 

5.31 

5.68 

54 

2080 

106 

9.4 

3 

19  4  5.02 

1.260 

54  39  42.0 

5.41 

5.63 

54 

2086 

107 

8.5 

6 

19  4  37.12 

1.291 

54  12  30.4 

5.58 

5.70 

54 

2087 

108 

8.9 

3 

19  5  55.99 

1.264 

54  39  39.2 

:>.*',[> 

5.63 

54 

2088 

109 

5.3 

4 

1!)  11  51.98 

1.076 

57  .".o  l'5.5 

6.19 

5.68 

57 

1968 

110 

9.4 

2 

19  15  40.48 

1.093 

57  25  35.3 

6.50 

5.63 

57 

1976 

111 

8.2 

3 

19  23  17.06 

0.948 

59  32  22.6 

7.13 

5.64 

59 

2030 

112 

7.7 

3 

19  26  48.35 

0.962 

59  31  28.3 

7.42 

5.71 

59 

2038 

113 

8.3 

3 

19  27  49.92 

1.060 

58  21  53.3 

7.50 

5.67 

58 

1925 

114 

3 

19  32  6.94 

0.879 

60  42  30.0 

7.84 

5.65 

Anon 

115 

9.0 

5 

19  33  58.56 

0.825 

61  22  5S.2 

7.99 

5.69 

61 

1882 

116 

8.4 

2 

19  41  55.45 

0.754 

62  30  11.4 

8  63 

5.63 

62 

1 750 

117 

1 

19  49  36.22 

0.669 

63  43  0.8 

!t.23 

5.62 

Anon 

118 

9.3 

5 

19  49  47.77 

0.675 

63  40  13.4 

9.24 

5.68 

63 

1569 

119 

9.0 

2 

19  58  32.60 

0.592 

64  53  49.2 

9.92 

5.64 

64 

1402 

120 

8.7 

4 

20  13  15.71 

0.476 

66  43  17.5 

11.01 

5.68 

66 

12  78 

121 

9.4 

3 

20  17  25.56 

0.486 

66  53  21.2 

11.32 

5.66 

66 

1283 

122 

9.0 

3 

20  19  15. 'J2 

0.47'.t 

67  3  55.0 

11.15 

5.69 

66 

1  2S5 

123 

9.5 

2 

20  21  10.81 

0.40O 

67  47  31.9 

11.59 

5.67 

67 

12  12 

124 

8.5 

2 

20  32  31.28 

0.408 

68  27  32.0 

12.38 

5.72 

68 

1137 

125 

2 

20  36  40 

0.387 

68  53  34.3 

12.67 

5.72 

Anon 

126 

9.5 

2 

20  48  23.04 

0.372 

69  49  36.5 

13.44 

5.72 

69 

1132 

127 

9.5 

2 

20  52  12.02 

0.102 

69  54  28.1 

13.69 

5.73 

69 

1135 

12.S 

7.5 

2 

20  53  30.91 

0.473 

69  30  23.4 

13.77 

5.72 

69 

1136 

129 

9.5 

4 

21  55  19.69 

0.777 

73  13  30.7 

17.16 

5.10 

73 

950 

130 

9.5 

3 

22  34  30.95 

1.359 

74  7  54.2 

18.67 

5.17 

73 

984 

131 

8.3 

4 

22  35  40.37 

1.407 

73  53  50.5 

IS. 71 

5.09 

73 

985 

132 

7.0 

6 

2.".  24  2  7.05 

2.323 

+  74  35  31.8 

19.81 

5.89 

+  74 

1022 

133 

8.7 

2 

23  38  40. 2S 

3.085 

—  5  38  43.9 

19.97 

4.98 

-  5 

6041 

134 

8.2 

2 

23  41  57.94 

3.083 

—  5  52  41.0 

19.99 

4.98 

—  6 

6293 

135 

6.3 

4 

23  46  48.74 

2.787 

+  74  54  11.9 

20.02 

5.90 

+  74 

1047 

136 

4 

23  47  56.60 

2.. si.') 

74  44  12.1 

20.03 

5.11 

Anon 

137 

8.8 

2 

23  58  17.16 

3.036 

+  74  47  46.9 

20.05 

5.74 

+  74 

1059 

var. 

0  36  26.66 
26.69 
26.70 

3.254 

+  40  38  14.7 
13.8 
13.5 

+  19.80 

5.712 
5.715 
5.717 

Dudley  Observatory,  1887  December. 
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N°  165. 


ON   THE  NEW   VARIABLE    U  ORIONIS. 

5h   47,,,   !3>    +20°  8'.8    (1855.0.) 
By  EDWIN  F.  SAWYER. 


This  long-period  variable,  discovered  by  (tore,  in  1885, 
has  recently  passed  through  another,  although  very  faint, 
maximum. 

The  star  was  first  seen  on  November  17.  and  found  5  + 
steps  <  DM.  20°, 1171.  or  about  8M.7.  The  increase  of  light 
must  have  been  very  rapid,  for  at  the  next  opportunity  of 
observing  the  star,  which  occurred  on  November  29,  it  was 
found  4  steps  >  DM.  20°, 1171  and  5  steps  <  DM.  19°.  1106, 
or  7". 5.  The  light  remained  apparently  stationary  from 
November  29  to  January  2.  1888,  a  period  of  34  days.  A 
careful  inspection  of  the  light-curve,  assigns  a  maximum  for 
about  December  14.  The  strong  moonlight,  which  prevailed 
near  maximum,  precludes  a  sharp  determination  of  this 
phase,  although  the  time  as  determined  cannot  be  more  than 
a  day  or  two  out  of  the  way.     The  observations  of  last  year 

Cambridyeport.  1888  January  16. 


and  this  would  indicate  a  period  of  almost  exactly  one  year. 
At  its  maximum  this  year,  the  star  was  about  one  magni- 
tude fainter  than  last  year. 

The  star  is  very  slowly  decreasing,  and  is  now  5+  steps 
<  DM.  19°, 1106  and  2  steps  >  DM.  20°,  1171,  or  about  7". 7. 
The  following  are  the  light-values  observed  on  each  evening  : 


Light. 

Light. 

1887     Nov.  17 

3.2 

1887 

Dec. 

22 

11.2* 

"     29 

11.2* 

(c 

23 

11.2* 

Dec.     3 

11.2* 

1888 

Jan. 

2 

11.2: 

"       5 

11.2 

ti 

3 

10.9 

6 

11.2 

.  t 

5 

10.9 

••      12 

11.2 

" 

11 

10.2 

"      13 

11.2 

" 

16 

9.9 

"      16 

11.2 

*  =  Moonlight. 

The  need  of  a  definite  notation  for  this  well-established  variable  is  such  that,  in  the  absence  of  any  systematic  arrangement  of  the 
nomenclature  since  the  publication  of  Schonfbld's  catalogue,  it  is  denoted  here  by  the  letter  U.  The  letter  T  is  left  for  assignment, 
hereafter,  to  some  one  of  the  other  three  unnamed  stars  in  Orion,  whose  variability  seems  beyond  question,  although  their  periods  are 
yet  undetermined.  —  G. 


THE    MOTION    OF    HYPERION. 


By    Prof.    A.    HALL 


In  the  Comptes  Rendus  de  VAcademie  des  Sciences,  Aug. 
30,  1886,  M.  Tisserand  has  given  an  ingenious  transforma- 
tion of  the  formulas  of  the  Micanique  CMeste,  Livre  II,  No. 
50,  for  the  case  where  the  motions  of  two  planets  or  satel- 
lites, P  and  P' ,  are  nearly  commensurable.  The  result  he 
obtains  is  as  follows  :  If  the  motion  of  P'  was  at  first  circu- 
lar and  uniform,  the  perturbations  caused  by  the  planet  P 
woxdd  have  for  their  principal  effect  the  transformation  of  this 
motion  into  one  that  would  be  very  nearly  an  elliptic  Keplerian 


motion,  with  a  uniform  rotation  of  the  major  axis.  The  two 
satellites  of  Saturn,  Titan  and  Hyperion,  furnish  an  example 
of  the  case  considered  by  M.  Tisserand.  But  since  his 
formulas  are  a  transformation  of  those  given  by  Laplace, 
which  I  have  applied  (Monthly  Notices,  R.A.S.,  XLIV,  p. 
364),  the  result  ought  to  be  the  same  if  the  secular  terms 
and  those  depending  on  the  ecceutricities  are  omitted.  I 
have,  therefore,  recomputed  the  terms  independent  of  the 
eccentricity,  by  the  formulas  : 


dr        m'n'  x-i 
a    '      ~T~  1> 


-=tE 


dA« 
da 


+ 


in 


aA« 


i-(n-n')-  —  , 


2«>(a>-^>  + 


cos  i(V— I) 
2m 


,aAw). 


i(n—ri) 


aA"  + 


9  a         n — u .     .    , 

i(,l_n'H;2(n-«')2-Ks]_r,nH       " 


where  I,  l'.  n,  n'  are  the  mean  longitudes  and  mean  motions 
of  the  satellites.  By  assuming  that  the  coefficients  of  3(Z — I') 
result  from  the  action  of  Titan  alone,  the  apparent  eccen- 
tricity found  by  observation  gives  the  mass  of  Titan 


1 


'"     -  10765  • 
the  mass  of  Saturn  being  unity.     Hence  the  expression  for 
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the  radius  vector  and  true  longitude  of  Hyperion  are  as  follows  : 

r'  =  a'  [1—0.00043  cos  (/—?')  —  0.00141  cos  2(1—1')  +  0.09967  cos  3(1— V) 

+  0.00078  cos  4(7—  V)  +  0.000'22  cos  5(7— V)l 
v'  =  V  +  0°.160  sin(7— V)  +  OV222  sin  2(1—1')  —  11°.396  sin  3(Z— V) 

—  0°.072  sin  4(1— I')  —  0°.018  sin  oO—V) 


These  coefficients  agree  nearly  with  those  given  by  Tis- 
serand.  If  we  infer  the  mass  of  Hyperion  from  that  of 
Titan  by  means  of  their  relative  magnitudes,  we  have  for 
the  mass  of  this  satellite. 

1 
~  4162150  . 

The  largest  terms  in  the  motion  of  Titan  produced  by 
Hyperion  would  be  therefore, 

Sr     =  —0.00025  cos  4(l'—l) 

8v     =  — 0°. 038  sin  4 (V—l) 

In  order  to  test  this  theory  the  longitude  of  Hyperion  has 
been  carried  forward  from  18.V2.  the  epoch  of  Lassell's  ob- 
servations, assuming  the  mean  motion  I  have  given  before, 

Washington,  1888  January  25. 


the  terms  in  3(1 — I')  only  have  been  applied,  and  Lieut. 
Allen  has  compared  with  the  observations  made  at  .Malta  in 
1864,  and  with  those  made  at  Washington  in  1S86.  It  hap- 
pens that  the  nine  angles  observed  at  Malta  are  fairly  well 
represented.  In  the  case  of  the  more  complete  observations 
at  Washington  the  residuals  show  that  other  terms  must 
be  considered  ;  but  for  such  an  imperfect  theory  the  result  is 
good,  and  it  seems  possible  by  this  simple  metho  make  a 
tolerable  ephemeris  of  this  satellite.  By  this  method  of  con- 
sidering the  question  the  eccentricity  of  the  orbit  of  Hyperion 
is  nearly  destroyed.  The  residuals  of  1886  would  give  an 
eccentricity  less  than  0.02,  but  from  such  a  theory  nothing 
definite  can  be  inferred  concerning  this  element.  The  next 
step  would  be  to  introduce  the  term  depending  on  the  eccen- 
tricity of  the  orbit  of  Titan. 


ON    THE   PERIOD   OF   ALGOL. 

By  S.  C.  CHANDLER,  Jr. 


Somewhat  more  than  a  century  has  elapsed  since  the 
recognition  by  Goodricke  of  the  character  of  this  star's 
variation.  During  this  interval  about  fifty  astronomers  have 
taken  part  in  its  observation,  and  nearly  seven  hundred 
minima  have  been  recorded.  Various  investigations  have 
been  made,  from  time  to  time,  upon  the  fluctuations  to  which 
the  period  of  the  star  is  subject;  and,  principally,  as  the 
result  of  the  labors  of  Argelander  and  Schonfeld.  their 
general  character  has  been  pretty  closely  ascertained.  The 
law  according  to  which  they  proceed,  however,  has  not  yet 
been  successfully  developed,  and  Argelander  was  of  the 
opinion  that  the  search  for  the  mathematical  form  of  its 
expression  must  be  long  postponed,  until  sufficient  light  is 
thrown  upon  the  matter  by  later  observation.  Nearly  twenty 
years  have  passed  since  this  was  written,  and  now,  although 
the  watch  upon  the  minima  of  recent  years  has  unfortunate- 
ly been  somewhat  relaxed,  it  seems  worth  while  to  renew  the 
attempt  to  discover  the  law  in  question.  The  effort  has  now 
greater  chance  of  success,  because  meanwhile  Schonfeld's 
classical  memoir  on  the  light-curve  of  Algol  has  appeared, 
affording  the  means  foi  reducing  homogeneously  a  large 
portion  of  the  data  anew,  a  condition  essential  to  justify  the 
expectation  of  advancing  our  present  knowledge.  The  re- 
sults of  this  endeavor  will  be  given  in  the  following  pages. 
and  appear  to  be  reasonably  satisfactory.  The  apparently 
highly  complicated  anomalies  in  the  period  are  amenable  to 


a  comparatively  simple  law,  more  closely  than  I  had  dared 
to  hope.  This  law  comprises  two  inequalities — the  first  hav- 
ing a  period,  rather  uncertainly  determined,  of  141.3  years 
and  a  coefficient  of  173.3  minutes  of  time,  and  the  second  a 
period  of  37.7  years  and  a  coefficient  of  18.0  minutes.  There 
is  also  evidence  of  a  third  irregularity,  with  a  cycle  of  1  7 
years,  but  its  coefficient  of  only  3.5  minutes  brings  its  range 
so  nearly  within  the  limits  of  the  observation-errors,  that  its 
existence  must  await  further  verification. 

Before  proceeding  to  the  account  of  the  collection  and 
treatment  of  the  material  which  forms  the  basis  of  the  present 
investigation,  it  is  proper  to  recite  briefly  the  results  of  pre- 
vious writers.  The  first  of  any  importance  was  that  of 
Wtjrm,  who,  from  50  or  60  minima,  recorded  by  various 
observers  between  1783  and  1818,  deduced  by  least  squares 
the  value  of  the  period,  2d  20h  48m  588.50.  Comparing  this 
with  his  determination  from  sixteen  months'  observations, 
twenty  years  previous,  namely  2d  10h  48m  58".69,  he  does 
not  undertake  to  distinguish  whether,  in  the  interval,  the 
period  lias  really  changed.  The  diminution  which  his  calcu- 
lations seem  to  indicate,  however,  was  put  beyond  all  pos- 
sible doubt  by  Argelander,  who  first  demonstrated  its 
existence,  as  well  as  the  fact  that  the  shortening  was  not 
proportional  to  the  time,  at  least  down  to  about  the  middle 
of  the  present  century.  Argelander's  attempts  to  develop 
the  constants  in  a  formula,  either  with  secular  or  periodical 
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terms,  proved  fruitless,  owing  to  the  insufficiency  of  the 
data.  Constructing  five  normal  epochs  from  all  the  observed 
minima,  he  represented  them  exactly  by  the  expressions, 


79865  10  14  38.3 


+  2  20  48  58.77376  p 

+  0*000  085  200  8  p- 
— 0.000  000  0G0  863  3  j>n 
—0.000  000  000  016  121  p* 


79865     9  25   13.6     +2  20  48  57.8773  p 

ma  II 

—30  57.8  sin (392.04786  p) 
+49  24.7  cos(392.04786  p) 

where p  =  — 2377.  But  these  formulas  do  uot  conform  to 
the  observations  intermediate  or  subsequent  to  the  normal 
epochs. 

The  calculations  of  Schonfeld  on  the  period  of  Algol,  in 
the  memoir  referred  to,  relate  merely  to  the  interval  com- 
prised by  his  own  series  of  observations  from  1853  to  1870  ; 
his  object  being  only  a  satisfactory  representation  of  the 
minima  within  those  limits,  to  serve  as  a  basis  for  uniting 
them  iu  a  general  light-curve.  For  this  purpose  he  finds,  as 
the  most  satisfactory  elements, 

d        h  m 

I860  June  14     3  24.11  (Paris  M.T.) 

+  2  20  48789308  (.E— 7700) 

+  0.000  006  120  A(E—  7700)- 
{b)  —0.000  000  002  034  9  ( E—  7700)3 

the  last  term  of  which,  however,  is  much  less  than  its  prob- 
able error.  But  he  finds  that  the  opera-glass  series,  which 
is  alone  used  for  the  light-curve,  and  which  extends  from 
1859  to  1870,  is  equally  well  represented  by  a  uniform 
period,  in  the  elements, 

1867  January  0d  11"  lm.2  (Paris  M.T.) 
(c)  +  2d  20"  48m.9(.E— 8534) 

The  elements  in  the  Zweiter  Catalog  differ  slightly  from 
these,  being  derived  from  51  minima  observed  by  Schonfeld 
between  1864  Dee.  27.  and  1^7;!  Nov.  13,  inclusive.  It  may 
be  added  that  very  shortly  after  this  the  period,  which  for 
fifteen  years  had  been  nearly  constant,  if  not  very  slowly 
lengthening,  began  again  to  diminish  rapidly,  and  afterwards 
has  again  become  sensibly  constant. 

Two  or  three  other  papers  on  the  subject  have  appeared 
of  late  years,  but  they  add  nothing  to  what  had  been  already 
established  by  Argelander  and  Schonfeld,  are  superficial 
in  their  mode  of  treatment,  and  require  no  special  mention 
here. 

In  undertaking  a  general  discussion  of  the  period  of  Algol 
at  the  present  time,  no  step  forward  can  be  taken  without 
special  consideration  of  the  methods  by  which  the  times  of 
minimum,  as  published  by  the  various  observers,  were  ob- 
tained ;  for  the  determination  of  this  or  any  other  phase 
which  can  be  taken  as  a  reckoning-point  in  a  variable  star  is 
influenced  not  only  by  personal  differences  of  observation, 


as  are  all  other  sorts  of  astronomical  measurement,  but  also 
by  a  source  of  individual  difference  from  which  these  are 
free,  namely,  that  arising  from  the  arbitrary  nature  of  the 
processes  of  reduction,  not  to  be  avoided  in  the  present  low 
stand-point  of  our  knowledge.  Indeed,  there  is  reason  to 
believe  that  these  reduction-errors  so  overshadow  the  obser- 
vation-errors, that,  the  former  being  eliminated,  the  effect 
of  the  latter  will  be  comparatively  unimportant.  Fortu- 
nately this  elimination  can  be  easily  attained  when  we  pos- 
sess the  original  observations.  While,  therefore,  I  have 
endeavored  to  collect  all  the  minima  that  have  been  published 
to  date,  and  have  presented  them  iu  this  paper  with  their 
deviations  from  the  elements  finally  deduced,  the  elements 
themselves  have  been  founded  solehT  upon  those  series  of 
observations  for  which  the  original  comparisons  have  been 
published,  or  which,  from  knowledge  otherwise  derived,  we 
cau  bring  to  a  uniform  system  with  these  by  an  appropriate 
homogeneous  reduction. 

Probably  the  best  way  of  finding  the  period  of  a  variable 
of  the  Algol  type,  from  series  of  observations  by  various  indi- 
viduals, would  be,  so  long  as  we  do  not  know  the  absolute 
form  of  its  light-curve,  to  abandon  the  use  of  the  minimum 
phase  as  a  reference  point,  and  to  take,  instead,  the  mean 
between  the  times  when  the  star  attains  a  given  brightness 
before  and  after  minimum.  A  period  60  determined  would 
be  independent  of  assumption  as  to  the  form  of  the  light- 
curve,  and  free  from  most  of  the  sources  of  individual  con- 
stant error,  physiological  or  psychological,  which  are  likely 
to  occur,  either  in  Argelander' s  method,  or  in  any  suitable 
photometric  observation.  But  such  a  method  has  practical 
disadvantages  and  limitations  in  application  to  existing  data  ; 
and  I  decided,  therefore,  to  sacrifice  some  of  its  rigor,  by 
the  following  procedure. 

For  each  minimum  the  comparisons  of  the  variable  with 
each  comparison-star  were  arranged  in  pairs,  corresponding 
to  nearly  equal  brightness  before  and  after  minimum.  The 
mean  time  for  each  pair  was  then  corrected  for  the  effect  of 
the  small  difference  of  brightness,  if  any,  and  also  by  the 
reduction  required  to  give  the  instant  of  minimum  by  Sciion- 
feld's  light-curve,  adopted  as  a  standard.  The  resultant 
times  were  then  weighted  according  to  the  velocity  of  the 
light-variation,  and  the  means  taken,  first  for  the  compari- 
sons with  each  star,  and  finally  for  all  the  stars,  as  the  time 
of  minimum.  The  elements  for  effecting  these  reductions 
have  been  given  by  Schonfeld  on  page  93  of  the  36th 
Jahresbericht  des  Mannheimer  Vereins  fur  Naturkunde,  with 
such  explanation  as  makes  further  description  of  the  method 
here  superfluous.  Instead  of  single  pairs  of  comparisons,  it 
was  often  convenient,  especially  to  avoid  differences  of 
brightness  of  more  than  a  few  tenths  of  a  step,  to  form 
combinations  of  unequal  numbers  on  opposite  sides  of  mini- 
mum ;   the  weights,  of  course,  being  properly  modified. 

In  this  manner  the  times  of  minima  have  been  recomputed 
from  the  original  observations  of  Goodkicke,  Argelander, 
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Oudemans,  van  der  Ven,  Schott,  Flagg,  Lindemann,  Saw- 
yer, Reed,  and  myself,  and  of  Schonfei.d  previous  to  1859. 
his  observations  since  that  date  having  already  been  reduced 
by  him  in  the  same  manner.  To  the  197  minima,  thus  uni- 
formly treated,  were  added,  after  reference  to  the  same  sys- 
tem as  hereafter  described,  the  49  minima  determined  by 
Wurm,  and  the  250  by  Schmidt,  making  in  all  496  minima 
employed  in  the  investigation  of  the  period.  Besides  these 
I  have  collected  199  minima  by  other  observers,  but  could 
not  employ  them,  as  the  originals  are  not  available,  nor  any 
information  as  to  how  the  published  times  were  obtained, 
from  which  we  can  infer  the  amount  of  the  systematic  re- 
duction to  Schonfeld's  zero. 

With  this  general  explanation,  I  proceed  to  remark  upon 
the  reduction  of  the  separate  series. 

The  valuable  data  of  Goodkicke  have  never  been  fully 
utilized.  His  times  of  minima  seem  to  rest  entirely  upon 
the  comparisons  very  near  minimum,  generally  on  those  with 
p  Persei  alone;  and  Argelander  has  adopted  them  in  most 
eases  without  change,  in  others  with  an  alteration  of  five 
minutes.  The  series  comprises  96  observations,  involving 
136  comparisons,  in  which  there  are 

39  comparisons  with  ,>  Persei 


26 
22 
14 

4 
13 
10 

8 

Total     136 


p  Trin iiij ali 
.-:  Arietta 

■/  AitilrtuiK  <hw 


The  tunes  were  changed  from  apparent  to  mean  York 
time,  and  the  verbal  descriptions  of  differences  of  brightness 
were  numerically  converted  by  means  of  the  following  equiv- 
alents, adopted  after  careful  scrutiny. 


Rather  a  little 
Rather 
Nearly  equal 
A  very  little 
Less 
Brighter 
Not  so 


1  step. 


2  steps, 


Somewhat 

—  2 

Not  quite 

•• 

A  little 

•• 

Certainly 

3 

Evidently 

" 

Considerably 

4 

Much 

5 

==  2  steps 


Giving  half  weight  to  the  minima  of  1783  Jan.  17.  Fell. 
23,  Feb.  26,  April  13,  and  Nov.  17,  the  mean  epoch  is 
— 2120,  for  which  Schonfeld's  elements  (c)  give  1  783  May 
12a  8h  0m.(;  Paris  M.T.  ;  with  which  and  the  period  2'1  20h 
48"1  58". 7.  comparison  was  made  with  all  the  observed  times 
corrected  for  longitude  and  the  light-equation.  The  result- 
ing intervals  from  computed  minimum  (O — C),  with  the 
corresponding  differences  from  each  comparison-star,  numeri- 
cally converted  as  above,  were  arranged  in  order,  and  com- 


bined in  pairs  taken  before  and  after  minimum  ;  whence  was 
computed  the  normal  time  of  minimum  by  Schonfeld's 
table.     Thus  we  have  : 


(0-C) 

Wt 

From  8  Persei 

—8  39.4 

70 

11       £           14 

—8  34.1 

116 

s              '' 

—8  49.8 

66 

"    p1  Tridni/iili 

—8  35.6 

58 

"    p1  Arietis 

—9     0.3 

21 

Mean  (0— C) 

—8  40.2 

which  is  the  correction  to  Schonfeld's  elements  (c)  for  epoch 
— 2120,  by  Goodricke's  comparisons  with  other  stars  than 
p  7Vr.se/,  which  cannot  be  here  used,  on  account  of  its  varia- 
bility. 

The  time  has  also  been  calculated  of  each  minimum  inde- 
pendently, after  reducing  the  observations  by  the  following 
scale  : 

c  =  24  :  =  1 1 

h  =  1 7  £  =  1  ] 

b  —  12  y  =  10 

8  =    8 

where,  according  to  the  established  notation,  c  =  y  An- 
dromedae,  h  =  p'  Arietis,  b  =  (3  Trianguli,  and  the  Greek 
letters  indicate  stars  in  Perseus.  This  scale  is  practically 
identical  with  Schonfeld's,  except  for  ;  and  b.  From  Good- 
ricke's descriptions  it  is  plain  that  to  his  eye  these  stars 
were  nearly  equal,  the  former  perhaps  a  trifle  fainter  ;  while 
Schonfeld  makes  £  3.7  b.  In  the  table  below,  column  I 
gives  the  observed  York  mean  times  of  minima  from  the 
comparisons  with  other  stars  than  p,  and  column  II  the  times 
found  by  means  of  p  alone. 

Goodricke's  Minima. 


Epoch. 

1783 

1 

n 

Mean 

Wt. 

(O-C) 

Coir. 
(Aigel 

h 

tn 

h        Hi 

h       m 

m 

m 

-2161 

Jau    11 

:i 

33 

9   30: 

9  32 

526.3 

+    2.3 

21 00 

17 

6 

25 

6   25 

i 

2 

522.5 

2155 

31 

14 

2  : 

14   29 

14    18 

535.8 

—  11.0 

2153 

Feb.    6 

8 

6 

8    10 

8     8 

524.4 

—    1.5 

2147 

23 

12 

19 

12  39 

12  29 

1 
?. 

559.1 

—  9.6 

2146 

26 

9   43 

9    13 

1 

534.4 

—  0.2 

2138 

Mar  21 

8 

22 

8  32 

8  27 

524.3 

—  5.2 

2131 

Apr.  10 

9 

56 

10      1  : 

11    .-,8 

537.4 

—  3.2 

2130 

13 

7 

6 

7     6 

2 

."lbs..". 

2086 

Aug. 17 

10 

55  : 

11    14 

11      8 

501.2 

—  5.6 

2062 

on.  25 

6 

11  : 

6  34 

6  26 

509.7 

—  8.2 

2056 

Nov.  1  1 

11 

18: 

11      9 

11    12 

516.8 

+   2.7 

I'd.-,;, 

14 

8 

15 

8  20 

8   17 

500.7 

—  2.8 

—2054 

17 
Mean 

4 

30 

4  52 

4  41 

1 

2 

—  525.6 

—11.0 

—2120 

—522.3 

The  column  (O — C)  is  the  deviation  from  Schonfeld's  ele- 
ments, and  the   last  column,  the  correction  to  be  applied  to 
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the  times  assumed  by  Aegelander,  (BB. VII,  847)  toget  the 
values  given  by  this  new  reduction. 

The  results  of  the  two  modes  of  computation  above  out- 
lined agree  within  2m.l.  The  first  value,  — 520m.2,  is  the 
one  hereafter  employed  in  the  derivation  of  the  period. 

The  fact  that  these  observations  precede,  by  nearly  three 
quarters  of  a  century,  any  others  from  which  a  knowledge  of 
the  light-curve  can  be  derived,  lends  a  certain  interest  to  the 
following  comparison  of  the  curve  which  they  furnish,  with 
that  of  Schonfeld.  Each  value  is  the  mean  of  live  obser- 
vations. 


Interval 
from  Min. 

Light-Steps. 

UOODRICKK      SCHONKBLD 

G— S 

—3      1 

17.7              18.7 

—1.0 

2    14 

13.3             10.:i 

—3.0 

—  1    41 

12.4              13.2 

—0.8 

Interval 
from  Min. 

h         m 

—1  16 
0  49 

-1-0  14 
0  51 


Light-Steps. 

GoODRICKE      SCHONFELD 


1 
1 
1 

2 
+  3 


18 
39 
59 
19 
5 


10.2 
8.3 
7.2 

7.4 
9.9 
11.5 
12.7 
14.8 
18.4 


10.3 

7.4 

5.9 

7.2 

8.8 

10.8 

13.0 

14.9 

17.8 


G— S 
—0.1 
+  0.9 
+  1.3 
+  0.2 
+  1.1 
+  0.7 
—0.3 
—0.1 
+  0.6 


The  decrease  is  somewhat  less  rapid,  relatively  to  the  in- 
crease, with  Goodeicke  than  with  Schonfeld.  Little  stress, 
however,  cau  be  placed  on  conclusions  from  so  small  a  body 
of  material. 

(  To  be  continued.) 

TWO    HUNDRED    SEVENTY-SECOND    ASTEROID. 

A  planet  of  the  13th  magnitude  was  discovered  by  C'harlois  at  Nice, 
Feb.  4.4808  Greenwich  M.T.  a  =  101'  1"'  10". 8         8=  +19°  20' 22"         Daily  motion,     —52"  in  «,  and  5'  northward. 
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CORRIGENDUM. 


No.  160 


i,  p.   126,  July  U.     Second  a,   for  I7h  11"'  41". 10,   put  171'  11'"  42U6. 


NOTICE. 

Mr.  Frank  Muller  of  the  Leander  McCormick  Observatory,  at  the  University  of  Virginia,  desires  to  give  notice  that  he  pur- 
poses computing  a  definitive  orbit  for  the  comet  1887  IV  (Barnard,  May  12),  and  asks  that  any  yet  unpublished  observations  of  this 
comet  be  made  public  as  soon  as  possible. 
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O^   THE   PERIOD   OF   jLLGOL. 


In  the  interval  between  Goodricke  and  Argelander  nine- 
teen observers  made  nearly  one  hundred  determinations  of 
minima,  one-half  of  which,  however,  were  contributed  by 
Wurm  alone.  The  chronological  distribution  is  very  un- 
equal, four-fifths  being  anterior  to  1800,  the  rest  scattered 
sparsely  over  the  remaining  forty  years.  The  difficulty 
which  this  introduces  into  our  problem  is  increased  by  the  fact 
that,  with  one  or  two  exceptions,  we  possess  neither  the  de- 
tails of  the  observations  nor  any  information  as  to  the  manner 
in  which  the  published  times  were  deduced.  Fortunately,  in 
the  case  of  Wurm's  series,  by  far  the  most  important  in 
number  and  extent,  we  find  here  and  there  in  the  writings  of 
that  zealous  and  careful  observer  evidence  of  sharp  discrimi- 
nation as  to  the  phase  assumed  as  the  true  minimum,  and 
indications  of  his  mode  of  arriving  at  it  sufficient  to  guide 
us  to  a  safe  estimate  of  the  reduction  to  the  zero-point 
adopted  in  this  discussion.  He  repeatedly  refers  to  this 
phase  as  "  the  middle  of  the  duration  of  least  brightness," 
which  duration  he  at  first  estimates  as  20  or  25  minutes, 
afterwards  as  18  minutes.  He  regards  it  as  a  distinctly 
defined  phase  which,  with  practice,  can  be  easily  recognized. 
He  insists,  however,  that  a  good  determination  of  minimum 
requires  several  hours  ;  recommends  that  the  times  be  noted 
of  Algol's  equality  before  and  after  minimum  with  neighbor- 
ing stars,  such  as  y  and  8  Persei ;  and  adds,  that  "  the  mean 
of  these  times  gives  also  the  middle  of  the  smallest  light." 
According  to  Schonfeld's  light-table,  equality  with  y  occurs 
jh  21'"  before  and  lh  40"'  after  true  minimum,  and  with  8 
0h  54'"  before  and  lh  4'"  after  ;  whence  the  mean  of  the  times 
of  equality  with  these  stars  is  later  by  9™. 5  and  5m.0,  respec- 
tively, than  the  instant  of  minimum  in  Schonfeld's  curve. 
The  extreme  difference  which  can  thus  arise  from  want  of 
symmetry  in  the  light-curve  is  12ra.3,  at  about  five  hours 
from  minimum.  Although  we  do  not  know  the  distribution 
of  Wurm's  comparisons  with  respect  to  the  minimum,  it  is 
safe  to  infer  that  his  times  need  a  negative  correction  of 
several  minutes.  This  inference  is  supported  by  the  fact 
that  a  systematic  difference  of  this  sort  actually  appears  be- 
tween his  observations  and   Goodricke's.     Thus,  if  we  refer 
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(Continued.) 

all  of  Wurm's  times  back  to  Goodricke's  mean  epoch  — 2120, 
by  means  of  the  period  2d  20h  48m  58\7,  we  have  for  the  dif- 
ferences of  the  yearly  means  : 

Year 

1783 
lT.sl 
1  785 
1786 

IT.s  7 
1  788 


No. 

Goodricke-Wurm. 

4 

—27.6 

7 

—  15.1 

3 

—14.0 

1 

—15.9 

1 

—  10.1 

3 

—13.6 

19 

—17.1 

Mean 

Weighing  all  the  facts,  I  decided  to  apply  the  correction 
— 7m.0  to  all  of  Wurm's  times  to  reduce  them  to  the  adopted 
zero. 

Argelander's  observations,  extendiug  from  1840  to  1859, 
with  single  minima  in  1862  and  1866,  in  all  64  minima,  are 
contained  in  the  seventh  volume  of  the  Bonn  Observations, 
the  original  comparisons  on  pp.  418-426,  the  corresponding 
times  of  minima  on  pp.  34K-349.  Little  is  there  said  of  the 
method  of  calculation,  except  that  the  times  were  found 
separately  from  each  comparison-star  and  the  mean  of  all 
taken.  But  Schonfeld's  recollection  (V.  J.  S.,  V,  113), 
from  personal  intercourse,  accords  with  Argelander's  more 
explicit  statement  in  the  Astronomical  Journal  (IV,  58), 
that  he  used  "all  the  observations  made  for  half  an  hour 
before  and  after  minimum,  by  takiug  the  mean  of  the  times 
at  which  Algol  manifested  the  same  difference  of  brightness 
from  the  comparison-stars  during  its  decrease  and  increase 
of  brilliancy,  and  then  the  mean  of  all  these  means  as  the 
final  result." 

I  have  recomputed  the  whole  series  strictly  in  accordance 
with  the  principles  heretofore  laid  down.  The  resulting 
times  and  weights  for  the  separate  stars  are  too  voluminous 
for  production  here,  but  the  final  Paris  heliocentric  times  of 
minima  will  be  found  in  the  table  hereafter  given,  with  the 
corrections  to  Argelander's  values.  As  was  to  be  expected, 
the  minus  sign  generally  prevails.  The  mean  of  all  the  cor- 
rections is  — 5"'. 5. 
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In  the  same  table  of  observed  minima  will  be  found  the 
results  of  my  reduction  of  the  observations  of  Oudemans, 
in  his  Zweij&hrige  Beobachtungen  ;  of  van  der  Ven,  in  the 
Astronomische  Nachrichten  (XLV,  219)  ;  of  Schott,  Flagg, 
and  Masterman,  in  various  places  in  the  Astronomical 
Journal;  of  Schonfeld's  from  1853  to  1859,  in  the  Sitzungs- 
berichte  of  the  Vienna  Academy  (XLII,  182-189)  ;  of  Linde- 
mann,  in  the  Bulletins  of  the  St.  Petersburg  Academy  (XX, 
387)  ;  and  of  Sawyer  and  Reed,  kindly  communicated  in 
manuscript.  The  average  of  the  corrections  which  these 
new  values  assign  to  the  times  given  by  the  observers  them- 
selves, are  : 


Observer. 

No. 

Corr 

OlDKMANS 

10 

—4.6 

v.  d.  Ven 

6 

—1.9 

Schott 

6 

—1.1 

Masterman 

19 

—1.0 

Flagg 

4 

—0.6 

Schonfeld 

15 

—1.0 

LlNDEMANN 

5 

—8.3 

OrjDEJiANs's  mode  of  reduction  was  the  same  as  Argelan- 
der's.  Three  additional  minima  by  him  (A.  N.,  XLV,  117) 
have  dates  following  so  closely  upon  the  series  in  the  Zweij. 
Beobb.,  that  I  felt  justified  in  assuming  for  them  the  correc- 
tion — 4m.6  given  by  the  other  ten.  But  I  have  not  thought 
it  proper  to  make  a  similar  assumption  for  an  additional 
minimum  of  Lindemann's  series,  to  be  found  in  the  Moscoiv 
Bulletin  (LIV,  123). 

Although  Schmidt's  original  observations  are  not  avail- 
able, we  have  an  entirely  satisfactory  mode  of  securing 
homogeneity  with  the  adopted  system,  by  direct  comparison 
with  the  series  of  Argelander  and  Schonfeld  ;  Schmidt's 
series  overlapping  the  former  through  two-thirds  of  its  ex- 
tent, and  the  latter  entirely.  I  have  made  such  comparisons 
in  two  or  three  ways,  by  appropriately  combining  the  data 
in  the  table  of  yearly  mean  epochs  to  be  presently  given. 
One  of  these  determinations  is  as  follows  : 


Argel.-Schmidt     Wt. 


6.9 

3.9 

4.7 

3.5 

4.8 

3.7 

3.3 

2.8 

0.7 

6.4 

6.3 

5.2 

Schon.-Schmidt     Wt. 


—  4.3 

4.2 

6.6 

2.8 

9.6 

2.6 

10.9 

3.6 

1.1 

8.2 

6.3 

3.7 

3.6 

6.0 

2.9 

6.2 

—  1.2 

9.6 

—  5.2 

—  3.9 

Brute  means     — 4.5 
Weighted "       —4.2 


We  have  another  method  of   estimating  the  element   in 


question.  Comparing  Schmidt's  light-curve  {A.N.  XXXIX, 
82ff)  with  Schonfeld's,  we  have  the  intervals  before  and 
after  minimum  corresponding  to  the  points  of  equality  with 
three  of  the  comparison-stars,  as  shown  in  the  following 
table,  from  whence  come  the  corrections,  in  the  last  column, 
to  reduce  Schmidt's  to  Schonfeld's  minimum. 


Schmidt 
Before     After       Mean 


8     —46.7 
£  64.0 

U     —95.0 


+  48.0   +0.65 
61.0  —1.50 

+  96.0   +0.50 


Schonfeld 

Before       After      Mean  Diff. 

in                     ni                m  m 

—  53.0   +63.5   +5.25  —  4.6 

96.1      116.6     10.25  —11.8 

—65.9   +82.1    +8.10  —  7.6 


For  points  nearer  minimum  the  correction  would  be  pro- 
portionally less. 

I  finally  adopted  the  systematic  correction  — 5m.O,  to  be 
applied  to  all  of  Schmidt's  times  of  minimum,  to  reduce  them 
to  Schonfeld's  zero. 

It  should  be  added,  that  for  Schmidt's  observations  before 
1875,  the  data  of  his  revised  list  (A.  X.,  LXXXVII,  195), 
have  been  employed. 

The  minima,  thus  reduced  and  corrected,  were  now  re- 
ferred to  the  sun  and  the  meridian  of  Paris,  were  compared 
with  Schonfeld's  elements  (c),  and  then  assembled  in  yearly 
means,  not  by  calendar  years,  but  according  to  successive 
conjunctions  with  the  sun,  whence  the  accompanying  table 
of  '-yearly  mean  epochs,"  in  which  the  fifth  column,  O — C", 
is  the  resulting  correction  to  Schonfeld's  elements.  The 
weights  in  the  sixth  column  were  assigned  ou  the  basis  of 
0.5  for  a  single  observation  of  Goodricke,  Wirm.  or 
Schmidt;  of  1.5  for  one  of  Schonfeld  ;  and  of  1.0  for  the 
others.  Masterman's  series  has  been  omitted,  after  an  inde- 
pendent examination  ending  in  a  conclusion  like  that  of 
of  Argelander  and  Schonfeld.  that  the  extraordinary  in- 
ternal agreement  of  the  observations  requires  either  the 
assignment  of  a  relative  weight  so  high  as  virtually  to 
exclude  all  other  contemporaneous  series,  or  then-  owu  ex- 
clusiou  ou  the  ground  of  mental  preoccupation. 

In  the  endeavor  to  represent  algebraically  the  series 
(O — C").  I  first  satisfied  myself  that  its  expression  accord- 
ing to  powers  of  the  epoch  was  impracticable,  without  the 
introduction  of  terms  of  an  inconvenient  order.  Through 
successive  approximation,  I  finally  rested  upon  the  follow- 
ing trigonometrical  series  : 

in  m  111  o 

C— C  ==  —293.0  +  0.02375  E  +  173.3  sin  (5V  E  +  338.3) 

+     18.0sin(^.E  +    82.5) 
+      3.5  sin(  i  E  +    22.0) 

whose  numerical  values  subtracted  from  0 — C  give  the 
residuals  O — C,  in  the  last  column  of  the  table.  The  cal- 
culation of  the  constants  was  actually  conducted  upon  the 
twenty-six  normal  epochs  given  on  page  172,  which  can 
easily  be  reproduced  upon  inspection. 
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Table  of  Yearly  Mean  Epochs. 


Mean 

Mean 

Obs. 

No. 

Date. 

Epochs. 

O— C 

Wt. 

O— C 

Gk 

14 

1783.4 

—    2120 

m 

—52(1.2 

7 

—  5.1 

Win 

4 

17*3.9 

2056 

—494.7 

2.0 

+  16.2 

" 

7 

1784.8 

1936 

—497.7 

3.5 

+   5.0 

3 

1785.8 

1807 

—488.8 

1.5 

+  4.7 

1 

1786.7 

1701 

—478.5 

0.5 

+   7.4 

1 

1787.9 

1536 

—471.4 

0.5 

+   2.3 

3 

1788.9 

1414 

—460.0 

1.5 

+  4.5 

6 

1790.2 

1254 

—451.5 

3 

+   0.5 

1 

1790.8 

1173 

—430.2 

0.5 

+  15.7 

2 

1792.0 

1026 

—425.5 

1 

+  8.4 

2 

1793.7 

800 

—425.4 

1 

—11.1 

3 

179.".  7 

542 

—387.9 

1.5 

+    2.4 

1 

1796.7 

4  27 

—380.1 

0.5 

—  0.9 

4 

1798.0 

250 

—374.0 

2 

—  12.2 

2 

1799.0 

—     121 

—368.4 

1 

—19.1 

1 

1803.2 

+     410 

—317.7 

0.5 

—14.0 

•■ 

1 

1813.9 

1767 

—232.3 

(1.5 

—  9.4 

1 

1814.9 

1896 

—203.8 

0.5 

+    9.7 

1 

1815.7 

2001 

—201.7 

0.5 

+   3.9 

2 

1817.9 

2276 

—184.8 

1 

—  0.9 

1 

1.S18.7 

23*5 

—176.7 

0.5 

—  1.5 

1 

1823.7 

3018 

—141.5 

0.5 

—15.3 

1 

1825.8 

3282 

—  126.2 

0.5 

—2(1.1 

A 

3 

1840.2 

5116 

+    12.6 

3 

—  5.7 

7 

1841.0 

5212 

+    14.3 

7 

—  5.4 

3 

1841.7 

5312 

+   28.8 

3 

+  8.1 

3 

1*42.9 

5462 

+  32.6 

3 

+  11.3 

2 

1*43.9 

55S9 

+   28.9 

2 

+   7.5 

1 

1845.8 

5837 

+    25.7 

1 

+  4.8 

Sm 

2 

1846.6 

5939 

+    26.4 

1 

+   5.9 

A 

1 

1846.7 

5950 

+    12.9 

1 

—  7.6 

Sm 

7 

1*47.9 

6104 

+   22.3 

3.5 

+   2.2 

A 

5 

1*48.0 

6109 

+    16.2 

5 

—  3.8 

Sm 

7 

L  849.7 

6339 

+    18.8 

3.5 

—  0.5 

A 

1 

1850.1 

6379 

+      L.O 

1 

—15.1 

Sm 

3 

1851.0 

CA'.Ki 

+    22.3 

1.5 

+  3.9 

A 

1 

1851.2 

0515 

+   42.7: 

0.5 

+  24.4 

Sm 

2 

1852.1 

6628 

+      4.1 

1 

—13.3 

A 

3 

1852.2 

6646 

+    15.2 

3 

—  2.1 

Sm 

3 

1852.9 

6733 

+   28.8 

1.5 

+  12.5 

cc 

5 

1853.9 

6860 

+     4.0 

2.5 

—10.7 

A 

7 

1853.9 

6868 

+     8.5 

7 

—  6.1 

Sd 

2 

1854  J) 

6876 

-t-   21.4 

3 

+   6.9 

Od 

2 

1854.0 

6877 

+    14.3 

2 

—  0.2 

Sd 

6 

1*54.8 

6980 

+    10.4 

9 

—  2.5 

A 

7 

1854.9 

6988 

+    14.0 

7 

+   1.3 

Od 

6 

1854.9 

6990 

+    22.4 

6 

+   9.7 

V 

6 

1855.0 

7001 

+    15.9 

6 

+   3.4 

Sm 

1 

1855.1 

7013 

+     5.2 

0.5 

—  7.1 

St 

1 

1855.2 

7(126 

+    13.7 

1 

+   1.6 

Sd 

1 

1855.7 

709  1 

+   14.0 

1.5 

+  3.2 

Sm 

3 

1855.9 

7123 

+    12.7 

1.5 

+   2.4 

A 

2 

1*56.1 

7140 

+     6.3 

2 

—  3.7 

Od 

2 

1856.1 

7145 

+      7.4 

2 

—  2.5 

Li 

3 

1*56.8 

7238 

+     3.9 

3 

—  4.2 

A 

2 

1*56.8 

7238 

+     9.9 

2 

+   1.8 

Sd 

4 

1856.9 

7246 

+     6,8 

6 

—  1.1 

F 

4 

1857.0 

7246 

+     9.5 

4 

+   1.6 

St 

2 

1857.0 

7247 

+     5.0 

2 

—  2.9 

Sm 

3 

1857.1 

+   7266 

4-      7.0 

1.5 

—  0.5 

Mean 

Mean 

Obs. 

No. 

Date. 

Epochs. 

O 

— c 

Wt. 

O— C 

Sd 

1 

1857.7 

+   7343 

+ 

hi 

3.2 

1.5 

—  2.8 

Sm 

12 

1858.0 

7382 

+ 

3.7 

6 

—  1.5 

A 

9 

1858.0 

7384 

+ 

8.5 

9 

+  3.3 

St 

2 

L858.1 

7403 

— 

4.5 

2 

—  9.3 

{( 

1 

1858.8 

7486 

— 

0.2 

1 

—  3.4 

Sd 

1 

1858.8 

7487 

+ 

2.2 

1.5 

—  1.0 

A 

2 

1858.8 

7490 

+ 

12.9 

2 

+  9.7 

Sm 

6 

1858.9 

7507 

+ 

4.2 

3 

+   1.3 

Sd 

1 

1859.5 

7584 

— 

7.5 

1.5 

—  9.1 

A 

3 

1859.7 

7610 

— 

4.7 

3 

—  5.9 

Sm 

12 

1859.8 

7620 

— 

2.1 

6 

—  3.1 

Sd 

1 

1. sci  1.7 

7735 

— 

0.3 

1.5 

+  0.1 

Sm 

15 

1860.9 

7750 

+ 

5.5 

7.5 

+   6.1 

Sd 

3 

1*62.0 

7892 

— 

6.1 

4.5 

—  4.3 

Sm 

8 

1862.0 

7894 

— 

1.3 

4 

+   0.5 

A 

1 

1862.2 

7924 

— 

9.2 

1 

—  7.2 

Sm 

5 

1863.7 

8118 

+ 

6.2 

2.5 

+   8.3 

Sm 

7 

1864.7 

824  1 

— 

9.2 

3.5 

—  7.5 

Sd 

2 

1865.0 

8293 

— 

0.2 

3 

+    1.2 

Sm 

6 

1865.8 

8385 

— 

1.6 

3 

—  0.7 

Sd 

10 

1865.9 

8391 

+ 

2.2 

15 

+  3.0 

A 

1 

1866.1 

8422 

— 

8.0 

1 

—  7.4 

Sm 

10 

1866.8 

8513 

+ 

0.4 

5 

+   0.5 

Sd 

3 

1867.0 

8532 

— 

6.2 

4.5 

—  6.2 

Sm 

4 

1867.8 

8631 

— 

2.9 

2 

—  3.4 

Sd 

2 

186*.  (i 

8663 

+ 

4.9 

3 

+   4.3 

Sm 

11 

1868.9 

8780 

0.0 

5.5 

—  0.7 

Sd 

1 

1869.3 

**21 

+ 

7.0 

1.5 

+   6.4 

Sm 

4 

1869.6 

ssr,i 

— 

1.9 

2 

—  2.3 

Sd 

9 

1869.9 

mmi.", 

+ 

0.2 

13.5 

0.0 

Ln 

1 

is 70. 7 

9009 

— 

17.3 

1 

-16.4 

Sd 

6 

1870.9 

9027 

— 

3.2 

9 

—  2.1 

Sm 

7 

1*71.0 

9036 

— 

4.7 

3.5 

—  3.5 

It 

7 

1871.* 

9142 

— 

5.6 

3.5 

—  2.7 

Sd 

5 

1871.9 

9160 

— 

2.7 

7.5 

+  0.8 

cc 

7 

1*72.* 

9267 

— 

2.9 

10.5 

+   3.2 

Sm 

12 

1*72. 8 

9268 

— 

9.2 

6 

—  3.1 

Ln 

1 

1872.8 

9272 

— 

17.3 

1 

—11.0 

l( 

2 

1*73.9 

9405 

— 

10.0 

2 

+   0.4 

Sm 

10 

1873.9 

9405 

— 

8.1 

5 

+   2.3 

Sd 

6 

1*74.0 

9426 

— 

5.2 

9 

+   6.0 

Lu 

1 

1.874.8 

9522 

— 

12.4 

1 

+   2.4 

Sd 

4 

1874.8 

9531 

— 

8.0 

6 

+    7.2 

Ch 

1 

1*75.7 

9640 

— 

26.5 

1 

—  6.7 

Sm 

11 

1*75.8 

9662 

— 

19.6 

5.5 

+    1.2 

(t 

11 

1*76.8 

9777 

— 

29.4 

5.5 

—  3.3 

u 

8 

1877.8 

9911 

— 

50.1 

4 

—17.5 

a 

7 

1878.9 

10051 

— 

28.7 

3.5 

+  10.8 

a 

6 

1879.9 

10182 

— 

48.3 

3 

—  2.3 

a 

9 

1880.8 

10292 

— 

33.9 

4.5 

+  17.4 

u 

9 

1881.9 

10426 

— 

64.2 

4.5 

—  6.4 

u 

5 

1883.0 

10568 

— 

67.1 

2.5 

—  2.6 

(( 

8 

188:;.* 

10670 

— 

75.8 

4 

—  6.4 

Sr 

1 

1884.9 

10816 

— 

76.7 

1 

—  0.5 

t( 

1 

1886.0 

10952 

— 

96.0 

1 

—13.0 

Ch 

1 

1886.9 

11072 

— 

81.6 

1 

+   7.8 

it 

2 

1887.9 

11196 

— : 

104.5 

2 

—  8.5 

Rd 

2 

1**7.9 

11196 

— 

100.2 

2 

—  4.2 

Sr 

1 

1887.9 

+  11200 

99.5 

1 

—  3.3 
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Table  of  Normal  Epochs. 


Mean  Epoch. 

\vt. 

O— C 

Corr. 

Epoch  and 

Period. 

vi 

First 
sine  term 

V 

Second 

sine 

term. 

"3 

Third 

sine 

term. 

O— C 

—  2058.2 

12.5 

—509.8 

m 

—341.9 

m 

—167.9 

m 

—  154.2 

m 

—13.7 

m 

—17.1 

+ 

m 

3.4 

m 

+  2.2 

m 

+    1.2 

—  1612.5 

4.0 

—474.6 

—331.3 

—143.3 

—140.1 

—  3.2 

—  11.1 

+ 

7.9 

+3.2 

+  4.7 

—  1194.3 

4.5 

— 143.4 

—321.3 

—122.1       -123.8 

+    1.7 

—  2.2 

+ 

3.9 

—0.2 

+    4.1 

—     608.8 

3.0 

—399.1 

—307.4 

—  91.7      —  96.6 

+   4.9 

+  10.8 

— 

5.9 

—3.4 

—  2.5 

—     118.9 

3.5 

—364.4 

—295.8 

—  68.6      —  70.7 

+   2.1 

+  17.2 

— 

15.1 

+  0.1 

—15.2 

+   2100.2 

3.0 

—197.4 

—243.1 

+   45.7      +   60.1 

—14.4 

—  15.6 

+ 

1.2 

+0.7 

+   0.5 

3150.0 

1.0 

—133.8 

—218.2 

+   84.4       +114.4 

—30.0 

—11.8 

— 

18.2 

—0.4 

—17.8 

5212.9 

13.0 

+    17.3 

—169.2 

+  186.5 

+  171.8 

+  14.7 

+  16.5 

— 

1.8 

+  0.6 

-2.4 

5512.8 

5.0 

+   31.1 

—162.1 

+  193.2 

+  173.2 

+  20.0 

+  12.5 

+ 

7.5 

—2.3 

+   9.8 

6055.2 

11.5 

+   19.6 

—149.2 

+  168.8 

+  171.0 

—  2.2 

+   1.1 

— 

3.3 

—2.6 

—  0.7 

6486.4 

10.5 

+   16.6 

—139.0 

+  155.6  :    +164.8 

—  9.2 

—  8.7 

— 

0.5 

+  1.4 

—  1.9 

6856.7 

16.0 

+   12.8 

—130.2 

+  143.0      +156.5 

—13.5 

—15.1 

+ 

1.6 

+  3.5 

—  1.9 

7019.2 

36.5 

+   13.8 

— 12G.3 

+  140.1 

+  152.0 

—11.9 

—16.8 

+ 

4.9 

+3.2 

+   1.7 

7252.9 

20.0 

+     6.8 

—120.7 

+  127.5 

+  144.7 

—17.2 

—17.9 

+ 

0.7 

+  1.7 

—  1.0 

7477.1 

35.0 

+     2.7 

—115.4 

+  118.1       +136.9 

—18.8 

— 17.5 

— 

1.3 

—0.5 

—  0.8 

7823.9 

18.5 

—     0.1 

—107.2 

+  107.1       +123.0 

—15.9 

—13.9 

— 

2.0 

—3.2 

+   1.2 

8225.3 

9.0 

—     1.9 

—  97.7 

+   95.8  ;   +104.8 

—  9.0 

—  6.3 

— 

2.7 

—2.5 

—  0.2 

8435.1 

28.5 

—     0.2 

—  92.7 

+   92.5      +   94.4 

—   1.9 

—  1.6 

— 

0.3 

—0.7 

+  0.4 

8825.1 

27.5 

+     0.7 

—  83.4 

+   84.1   i   +   73.8 

+  10.3 

+    7.4 

+ 

2.9 

+  2.8 

+   0.1 

9084.7 

24.5 

—     4.2 

—  77.2 

+    73.0 

+   59.2 

+  13.8 

+  12.5 

+ 

1.3 

+  3.5 

—  2.2 

9267.6 

17.5 

—     5.9 

—  72.1) 

+   67.0 

+   48.8 

+  18.2 

+  15.2 

+ 

3.0 

+  2.8 

+  0.2 

9451.2 

23.0 

—     7.3 

—  68.5 

+   61.2 

+   38.1 

+  23.1 

+  17.2 

+ 

6.1 

+  1.3 

+   4.8 

9712.9 

12.0 

—  24.7 

—  62.3 

+   37.6 

+    22.4 

+  15.2 

+  18.0 

— 

2.8 

—1.2 

—  1.6 

10035.1 

10.5 

—  42.5 

—  54.7 

+   12.2 

+     3.0 

+   9.2 

+  16.3 

— 

7.1 

—3.4 

—  3.7 

10473.0 

1 5 . 5 

—  58.9 

—  44.2 

—  14.7 

—  23.5 

+  8.8 

+  9.5 

— 

0.7 

—1.8 

+   1.1 

+  11103.0 

8.0 

—  95.4 

—  29.3 

—  66.1 

—  60.3 

—  5.8 

—  4.7 

— 

1.1 

+3.3 

—  4.4 

In  order  that  the  evidence  of  the  reality  of  the  periodi- 
cal terms  may  be  conveniently  inspected,  I  place  in  the 
column  "Corr.  Epoch  and  Period"  the  values  of  the  first  two 
terms  of  the  equation,  and  in  the  sixth,  eighth  and  tenth 
columns,  the    values  of  the   sine  terms ;   then  the  various 


series  of   residuals,  vu  v2,  vs, 


left  outstanding  bv  their 


successive  elimination,  by  subtraction  from  the  preceding 
column.  The  comparison  of  each  sine  term  with  the  column 
of  residuals  immediately  preceding  it,  will  furnish  the  cri- 
terion of  its  genuineness.  Such  a  comparison  will,  I  thiuk, 
leave  little  doubt  of  the  reality  of  the  first  and  second  sine 
terms.  The  third,  however,  is  of  an  order  which  will  need 
careful  observation  to  verify :  although  I  have  felt  war- 
ranted in  employing  it,  not  only  because  it  breaks  up  the 
systematic  character'of  the  signs  in  <•,.  and  reduces  the  sum 
[jnyi'3]  =5206  to  [j»7i\,]  =3156,  but  also  because  a  special 
examination  of  the  series  of  Argelander,  Schonfeld,  and 
Schmidt,  has  shown  that  all  three  independently  manifest  its 
existence,  the  first  two  very  distinctly. 

Adding  the  value  C  —  C"  to  Schonfeld's  elements  (c), 
and  bringing  up  to  the  beginning  of  1888  by  putting 
E'—E  —11210,  we  have. 

d    h      m         s  d       h        m        s 

1888  Jan.  3  7  30  50.25  (Paris  M.T.)  +  2  20  48  55.425  E' 

m  °        I 

+  173.3  sin(5V  £"+202  30) 
+  18.0  sin(^5  £"+203  15) 
+      3.5  sin(  $  E'+   90  20) 


From  the  above  elements  the  value  of  the  period  is 

d        h         m        s  5  o 

p  =  2  20  48  55.425  +  3.6296  sin (11 1.7—^  E) 
+  1.4137  sin(  7.5— J^  E) 
+  0.6109  sin(   68.0—  £  E) 

The  interpretation  of  the  theory  thus  presented  is  some- 
what as  follows.  The  period  of  the  time  of  Goodricke's 
discovery  was  2d  20h  48m  58B.0.  It  lengthened  to  59s.8  in 
1798,  then  shortened  to  57s. 2  in  1808,  and  again  lengthened, 
irregularly,  to  59s. 2  in  1830.  Shortly  after  began  a  rapid 
diminution,  at  the  rate  of  half  a  second  annually,  to  546.0  in 
1843.  After  a  halt  and  slower  diminution  to  525.8  in  1858, 
an  increase  set  in  of  a  second  and  a  half,  to  54s. 4  in  1866  ; 
from  which  point  the  period  again  fell  rapidly  to  5i\l  in 
1877,  and  has  since  remained  nearly  constant.  Should  the 
theory  prove  to  be  approximately  correct,  we  are  now  nearly 
at  the  end  of  the  prolonged  interval  of  general  decrease,  and 
may  expect  in  a  few  years  the  beginning  of  an  increase, 
which,  with  halts  and  retrogressions,  should  march  to  a 
maximum  somewhere  late  in  the  next  century.  We  must, 
however,  wait  until  this  general  interval  of  increase  has  well 
begun  before  the  value  of  the  cyclical  coefficient  of  the  first 
sine  term  in  the  above  formula  can  be  found  with  accuracy. 

The  accompanying  "Table  of  Observed  Minima"  is  a  col- 
lection of  all  the  observations  I  have  been  able  to  find.  The 
epochs  are  reckoned,  according  to  established  usage,  from 
Jan.    1.   1800.     The  "Reduction  to  Sd."   is  the   correction 
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corr 

esponding  to  the  new  reduction,  heretofore  described. 

Index 

to  References. 

The 

••  Reduction  to  ©,' 

'  carefully  assigned,  is  given   for   all 

Abbr.    Authority 

Vol. 

Page 

Abbr 

Authority 

Vol.  Page 

minima  except  those  01 

Si  hmtdt,  whose  revised  table  is  ex- 

Al       Ast.  Nachr.               39 

291 

CI 

Conn.  d.  Temp. 

1792     287 

pressed  directly  in  heliocentric  time.     The  addition  of  these 

A2 

45 

105 

C2 

" 

1801     481 

two  reductions  and  of  the  longitu 
to  the  local  time  published  in  the  or 

de  in  the  appended  table, 
ginal  authority,  indicated 

A3 
A4 
A5 

45 
45 

45 

219 
317 
117 

D 

E 

Bonner  Beobb. 

Mem.  de  l'Acad 

Montpellier 

7     347 
3     429 

in  the  last  two  columns,  with   the 

help  of  the  annexed  in- 

A6 

47 

257 

F 

Bull.  Moscow 

54     116 

dexes  to  abbreviations 

of  ob 

3ervei 

s"  names  and  references, 

A7 

48 

235 

G 

Greenw.  Obs. 

2     309 

gives    the   heliocentric 

Paris 

M.T 

of  observed    minimum, 

A8 

51 

383 

HI 

Harding  &  Wies 

1832     100 

in  the  fourth  column. 

The 

values 

0 — C  are  the  compari- 

A9 

53 

264 

H2 

"            " 

1833       95 

A10 

54 

132 

Jl 

Ast.  Journal 

5         6 

si  ins 

with  the  elements 

of  th 

s  paper.     It  should  be  noted, 

All 

66 

271 

,12 

,  •        a 

5       29 

however,    that    the    corrections 

-.    .0    and     — 5m.O    have 

A12 

73 

3 

J3 

c> 

5       37 

been 

applied  to  the  times  in 

the  fourth  column  for  Wurm's 

AI3 

78 

9 

J4 

.. 

5       93 

and 

S.  hmdt's    minima 

,    respectively,    before   taking    these 

A14 

SO 

147 

.15 

.. 

5     105 

residuals.      The    column   p    is    supplied    principally    in  be- 

A15        " 

83 

359 

JG 

5     123 

half 

Schmidt's    observations: 

and    the    weights,    when 

AIG 
A17 

B7 

.     87 

7 
195 

.17 
.18 

"        .< 

5     140 

5      175 

given,   have  reference   only  to   the 

minima   of  any  observer 

A  IS 

61 

281 

.19 

•< 

6       44 

mtei 

se. 

A19 

^ 

234 

J10 

.< 

6       83 

To  the  very  complete 

collection  of  Argelanimk  (  BB.VII), 

A20 

89 

98 

,111 

((              (1 

6       96 

of  observations  before  1840,  I  have 

added  onlv  three  bv  La- 

A21 

89 

155 

.112 

4*                       .  . 

6     187 

lande.  two  each  bv  Goodbii  ki:  and  Wi  km.  and  one  each  bv 

A22 

91 

379 

K 

Sill.  Journal 

1863     145 

" 

* 

423 

94 

101 

L 

Am.  Asso.  Adv. 

Ltjthmee  and  Bode.     A  few 

of  these  were  probably  inten- 

A24 

96 

257 

Science 

1866         7 

tioually  omitted,  others 

accidentally.     The  data  were  inde- 

A25 

99 

225 

M 

Mann.  Jahresb. 

36       95 

pendently   compiled  from  original 

authorities.      Harding's 

A26 

101 

311 

X 

Bull.  Met.  Roma      4       10 

and  Wii>i:s's  A;<  int  n   Epht 

(1832,  p.  100)  not  being 

A27 

104 

289 

O 

Zweij.  Beobb. 

26 

accessible,  I  took  Wnra'-  lasl  eleven  minima  from  Argel- 

A28 

108 

131 

PI 

Phil.  Trans. 

1783     474 

ander's  list  :  as  also  one  of  Lalande's  (E — 238),  the  source 

Bl      Bode's  Jar 
B2           "          ' 

rb.       1786 

1787 

244 
145 

P2 
P3 

((                 (( 

1784     290 
1784         1 

of  which  has  escaped  me. 

B3 

1788 

184 

P4 

.. 

1786     194 

B4 

1788 

237 

Rl 

Mem.  R.A.S. 

2   .274 

Index  to  Observers. 

B5 

1789 

175 

R2 

M.  Xot.  R.A.S. 

30     179 

B6 

1801 

155 

S 

Buil.  Ac.  St.  P. 

20     387 

Abbr. 

Observer 

Xo.  Min 

Alibr 

rver                     n    .  Min. 

B7 

1 792 

253 

T 

Mem.  Ac.  Paris 

1788     241 

A 

Argelander 

64 

I-.v 

Lindley                              2 

BS 

1796 

177 

U 

Proc.  Am.  Ac. 

1880     378 

Bl 

Bess 

2 

Lm 

Loomis                             10 

B9 

2  Sup 

.108' 

VI 

VJS.Astr.  Ges. 

1881       80 

Bd 

Bode 

o 

Lt 

Luthmer                            7 

B10 

1796 

238 

V2 

« 

1885     158 

Bu 

Bruhns 

10 

M< 

Mastermau                      37 

bu 

1823 

196 

w 

Sitzb.  Wien.  Ak 

.44     574 

Br 

Bruhl  (Graf) 

1 

My 

Mayer                                  1 

B12 

1824 

243 

z 

Zach,  Mon.  Con 

.      2       77 

Cm 

Camerer 

1 

Mc 

Mecliain                              1 

Cli 
En 

Chandler 
Englefleld 

4 
2 

Ml 
XI 

Mitchell                           11 
Nell                                4 

F 

Flagg 

4 

01 

Olber-                                 1 

Longitudes 

FROM 

Paris. 

Gl 

Glaseuapp 

5 

Od 

Oudemans                      13 

Place 

Longitude 

Plao 

Longitude 

Gk 

Goodricke 

6 

Pn 

Penrose                             2 

Athens 

h 

—  1 

m 

25.6 

Mannheim 

h      m 
—0  24.5 

Hd 

Harding 

3 

Pg 

Pigott                                3 

Basle 

—0 

21.0 

Montpellier 

—0     6.3 

Hg 

Hart  wig 

2 

Rd 

Reed                                   2 

Berlin 

—0 

44.2 

Miin 

iter 

—0  21.2 

HC 

Harv.  Coll.  Obs. 

7 

KM 

Ricque  de  Monchy           6 

Bonn 

—0 

19.0 

Nantucket 

+4  49.8 

Hs 

Heis 

5 

R 

Rome (Anon)                   1 

Bremen 

—0 

25.9 

New 

York 

4-5     5.3 

Hn 

Hennekeler 

2 

Sr 

Sawyer                               3 

Cambridge 

+4  53.8 

Olmiitz 

—0  59  7 

J1I 

Herschel.  J. 

2 

Sra 

Schmidt                         250 

Carlsrnhe 

—0 

24.2 

Pulkowa 

—1  52.0 

WH 

Herschel,  W. 

2 

Sd 

Schonfeld                        75 

Dantzig 

—1 

5.3 

Rome 

—0  40.6 

Hk 

Hoek 

6 

St 

Schott                                6 

Dresden 

—0  45.6 

Slough 

+0   11.7 

Hb 

Huber 

2 

T 

Tiele                                     2 

Gottingen 

—0  30.4 

Tiibingen 

—0  26.9 

Km 

Earn 

5 

V 

van  der  Yen                      6 

Greenwich 

+0 

9.3 

Utrecht 

—0   11.2 

Eh 

Eoch 

1 

Wn 

Winnecke                        18 

Hanover 

—0 

29  6 

Washington 

4-5   17.5 

Kl 

Eohler 

2 

WI 

Wurlisch     "                     4 

Highclere 

+0 

14.6 

Weld 

.  Maine 

+4  50.9 

Kr 

Krttger 

6 

Win 

Wurm                                 49 

Hoy  a 

—0 

27.2 

Wimbledon 

+0   10.2 

LI 
Ln 

Lalande 
Lindemann 

12 
6 

Total  number  of  minima  684 

Leyden 
London 

—0 
+0 

8.6 
9.7 

York 

+0  13.8 

Ln 

(phot.) 

6 
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Table  of  Observed  Minima. 


Redaction  to 

Observed  Min. 

E 

p 

O— C 

Obs. 

Ref. 

Sd.    |    © 

Helioc.  Paris  M.T. 

lit 

m 

1782  d     h    m 

m 

—  2183 

+  7.6 

Nov.  12    8  35.9 

+   35.1 

Gk 

PI 

2167 

+  5.4 

Dec.  28    5  51.1 
L783 

+   47.1 

i  i. 

CC 

2161  +   2.3 

+  3.6 

Jan.  14    9  49.4 

—     8.6 

tt 

2160 

+  3.3 

17     6  42.1: 

—     4.9 

tt 

2155  -11.0 

+  1.5 

31  14  33.3 

—  18.5 

CC 

2153—  1.5 

+  0.7 

Feb.     6     8  22.5 

—     7.2 

tt 

2147—  9.6 

—1.6 

23  12  41.2: 

—  42.2 

ct 

2140  —  0.2 

-2.0 

26     9  54.8  : 

—  17.6 

ct 

2138 

—  5.2 

— 1.7 

Mar.  21    8  36.1 

—     8.1 

it 

2131 

—  3.2 

—6.5 

Apr.  10  10    5.3 

—  21.6 

it 

2130 

—6.7 

13     7  13.1  : 

—     2.8 

tt 

2123 

—7.6 

May    3    9    4.1 

+     5.:. 

WH 

Bl 

2110 

-7.0 

June    9  14  32.7 

—  62.5 

En 

P3 

2102 

— 5.2 

July    2  13  49.5 

-   17.4 

tc 

CC 

2093 

—2.3 

28  10  31.0 

+   63.4 

Ly 

G 

2086 

+  0.2 

Aug.  17  11     0.2 

—  10.0 

Mc 

B2 

it 

+  0.2 

17  11  16.3 

+     6.1 

My 

D 

.. 

—  5.6 

+  0.2 

17  11  22.0 

+    11.8 

Gk 

P2 

2078 

+3.1 

Sept.   9    9  52.5 

+    10.4 

Ly 

G 

2U71 

+  5.3 

29  11  32.0 

+      7.2 

W  1 1  ■ 

153 

tc 

+  5.3 

29  11  24.7 
1783 

—     0.1 

Kl 

B4 

2063 

+  6.8 

Oct.  22  10    5.0 

+      1.5 

ffm 

B5 

2062 

+  7.1 

25     7  10.3 

+    17.8 

tt 

CC 

CC 

—  8.2 

+  7.1 

25    6  47.1 

+      1.6 

Gk 

P2 

2056 

+   2.7 

+  7.6 

Nov.  11  11  33.4 

—     5.9 

hC 

CC 

2055 

—  2.8 

+  7.6 

14    8  38.4 

+   10.2 

Ct 

CC 

2054 

—11.0 

+  7.6 

17    5    2.1: 

—  14.8 

a             tt 

+  7.6 

17    5  40.8 

+    16.6 

Wm    Bo 

2046 

+  6.8 

Dec.  10    4  25.0 
17*4 

+   29.0 

tt         tc 

1966 

—2.5 

July  26  13  12.6 

+      6.2 

Cm     D 

1957 

+0.6 

Aug.  21    8  33.8 

—     0.3 

Win     B5 

1951 

+2.8 

Sept.  7  13  28.0 

0.0 

c«         .. 

1950 

+  3.1 

10  10  18.3 

+      1.4 

.(         . » 

1949 

+  3.5 

13     7  11.7 

+     5.8 

(< 

1943 

+5.5 

30  11  48.1 

Br      B3 

1927 

+  7.6 

Nov.  15    9  15..S 

+    12.5 

Wm    B5 

1926 

+  7.5 

18    6  lo.7 
1785 

+   18.5 

CC 

.  . 

1889 

—2.6 

Mar.  4    8    0.6 

—     3.5 

u 

CC 

1845 

—4.6 

July    8  12    3.9 

+    12.0 

Pg 

ri 

1837 

—1.9 

31  10    7.8 

—  15.8 

CC 

CC 

1823 

+  3.0 

Sept.   9  14    3.2 

+      7.0 

Wm 

B5 

1822 

+  3.5 

12  10  44.7 

—     0.5 

.  . 

.. 

+  3.5 

12  10  58.1 
1786 

+    19.9 

Pg      P4 

1776 

+  2.7 

Jau.  22     8  25.9 

+     8.0 

W;n 

B5 

17ol 

+  1.2 

Aug.  25    9  38.2 

+      7.1 

it 

156 

1536 

+6.8 

Dec.  11  12  13.8 

1788 

+      2.3 

u 

CC 

1430 

+  6.2  Oct.   10  10  53.2 

+    17.4 

LI 

T 

1422 

+  7.4  Nov.    2    8  41.4 

—  26.2 

CC 

-. 

CC 

+  7.4               2    9  15.4 

+     0.8 

Wm 

B6 

CC 

+  7.4              2    8  43.2 

—  24.4 

Bd 

B7 

1421 

+  7.5              5    5  47.3: 

—     9.3 

CC 

—    1415 

+  7.5 

22  10  42.5 

—     8.0 

LI 

T 

E 

Reduction  to 

sd.      © 

Observed  Min. 
Helioc.  Paris  M.T. 

P 

O— C 

Obs. 

Ref. 

—  1414 

m 

+  7.5 

1788  a     h     m 
25     7  43.4 

m 

+     4.0 

LI 

T 

a 

+  7.4 

25     7  54.4 

+     8.0 

Wm 

B6 

1406 

+  6.3 

Dec.  18    6  23.3 
1790 

+     5.0 

(i 

1271 

+  4.1 

Jau.     9    9  12.1 

+  49.0 

LI       T 

;c 

+  4.1 

9    8  28.1 

—     2.0 

Wm    B6 

1263 

+  1.3 

Feb.    1     7  26.3 

+   31.4 

LI       T 

1257 

—1.0 

18  11  49.0 

—     6.8 

Wm    B6 

1256 

—1.4 

21     8  38.6 

—     6.2 

.. 

« 

CC 

—1.4 

21    9  38.6 

+   60.8 

LI 

T 

1249 

—3.9 

Mar.  13  10  42.1 

+    14.5 

Wm 

B6 

1248 

—4.1 

16     7  16.9 

+     0.3 

it 

tc 

1241 

-6.2 

Apr.    5     9     3.8 

+     4.3 

CC 

CC 

1173 

+  6.7 

Oct.   17    8  45.7 

+    15.7 

CC 

CC 

1151 

+  6.2 

Dec.  19  10  40.6 
1791 

+   20.0 

Kl 

B8 

1052 

+  5.3 

Sept  29     7  2:i.3 
1792 

+    12.5 

Wm 

B6 

1000 

—1.8 

Feb.  25    9  48.2 
1793 

+      4.3 

u 

(i 

804 

+  3.2 

Sept.  9    9  30.2 

—  15.1 

.. 

B9 

CC 

+  3.2 

9    9  2 '.'.2 

—     9.1 

LI 

B6 

CC 

+  3.2 

9    9  42.9 

+     4.6 

Ku 

B10 

797 

+  5.3 

29  11  21.3 

1795 

—     6.9 

Wm 

B9 

548 

+  3.6 

Sept  13  10  55.6 

+     8.1 

it 

B6 

547 

+  3.9 

16     7  44.9 

+     8.5 

t( 

CC 

532 

+  7.3 

Oct.  29     7  42.3 

1  796 

—     9.2 

it 

Ct 

427 

+  1.2 

Aug.  25    9  35.2 

1 7:»7 
Feb.  16    7  10.3 

—    0.9 

a 

tc 

366 

—0.7 

—     7.7 

LI 

C2 

291 

+  4.3 

Sept  19    8  36.3 
1798 

-     3.6 

Wm 

B6 

2-17 

+  2.4 

Jan.  23  12  25.4 

—  10.4 

CC 

.. 

239 

—0.6 

1'iK.  15  10  47.4 

—  20.3 

CC 

.. 

238 

—0.9 

18     7  54.1 

+     4.3 

LI 

D 

231 

—3.5 

Mar.  lo    :>  26.5 

—     6.2 

CC 

C2 

223 

—5.9 

Apr.     2     7  57.1 

—  14.6 

Wm 

B6 

147 

+  7.4 

Nov.    6     5  54.5 
1799 

—  21.0 

CC 

HI 

—       95 

—6.2 

Apr.    4    8  26.0 
BO 

—  17.3 

+       18 

—1.4 

Feb.  22    9  2:;..: 
1803 

+   31.1 

LI 

Z 

410 

-4.8 

Mar.  23    8  46.9 
1805 

—  14.0 

Wm    HI 

727 

+  4.0 

Sep)   17     7  44.1 

+     8.0 

Bl 

Al 

742 

+  7.3 

Oct.  30     7  47.4 

l>ns 

—    3.0 

.. 

1103 

—1.8 

Aug.  30     9  52.8 
1809 

—  29.9 

Hb 

A7 

1224 

—0.5 

Aug.  12    9  38.5 
1813 

+   35.1 

.. 

U 

1767 

+  7.6 

Nov.  16    8    9.6 
1814 

—     9.4 

Wm 

HI 

+   1896 

+  7.5 

Nov.  21     5  46.2 

+     9.7 

CC 

CC 
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Reduction  to 

Observed  Min. 

E 

P 

0 

— c 

Obs. 

Eef. 

Sd. 

O 

Helioc.  Paris  M.T. 

m 

m 

1815  (i     h     m 

m 

—  2001 

+  4.0!  Sept  18    7  22.8 

1S1  7 

+ 

3.9 

Wm 

HI 

2272 

+  7.4 

Nov.   3    8  30.8 



1.4 

t  t 

tt 

t  t 

+  7.4 

3    8  35.3 

+ 

10.1 

lid 

D 

2280 

+  7.4 

26    7    3.7 
1818 

— 

0.3 

Wm 

HI 

2385 

+  4.6 

Sept  23     8  45.4 
1819 

— 

1.5 

tt 

tt 

2482 

—5.8  June  28  11  32.6 

— 

18.4 

Lt 

Bll 

2513 

+  4.8:  Sept  25    9  26.2 

+ 

16.9 

It 

Cfi 

2521 

+  6.7iOct.   18    8    0.1 

+ 

19.0 

U 

tt 

2528 

+  7.5  Nov.    7    9  43.9 
1820 

+ 

19.9 

.t 

tt 

2574 

—4.3  Mar.  18    6  52.1 

— 

4.9 

tt 

tt 

2626 

— O^Aug.  14    9  22.1 

— 

1.8 

tt 

B12 

2634 

+  2.7  Sept.   6    7  57.1 
1823 

+ 

1.4 

tt 

t  t 

3018 

+  3.3  Sept  12    9  14.3 
1825 

— 

15.3 

Wm 

HI 

3282 

+  6.0Oct.     8    8  39.2 

— 

20.3 

t  t 

tt 

1826 

3335 

—3.2 

Mar.    9     8  22.2 

1831 

• 

+ 

13.8 

01 

D 

4074 

+  5.6 

Dec.  27    7  19.3 
1832 

— 

8.7 

Hd 

H2 

4088 

+  1.0 

Feb.    5  10  53.2 

1839 

— 

0.6 

tt 

tt 

5045 

—0.8 

Alio-.  11  12     4.9  : 

+ 

18.9 

JH 

Rl 

5068 

+  6.5 

Oct.  16  10    7.2: 

1840 

— 

23.9 

it 

;( 

5113 

—11.3 

—1.3 

Feb.  22  10  54.3  : 

— 

18.2 

A 

D 

5114 

—  5.2 

—1.7 

25    7  55.4 

— 

6.1 

(( 

tt 

5122 

+   6.0 

—4.5  Mar.  19    6  40.3  : 

+ 

7.5 

C( 

tt 

5180 

-17.9 

+  2.0  Sept.   1  13  42.9 

— 

7.0 

fit 

tt 

5189 

—13.8 

+4.9            27    9    9.5: 

— 

0.6 

fit 

tt 

5196 

+   2.0 

+  6.6 

Oct.  17  10  51.3: 

— 

1.2 

tt 

tt 

5218 

—20.9 

+  6.1 

Dec.  19  12  50.9 

+ 

2.3 

tt 

tt 

5219 

—30.7 

+  6.0 

22    9  35.2 

— 

2.3 

tt 

tt 

5220 

—  2.3 

+  5.7 

25    5  57.9  : 
1841 

— 

28.5 

*t' 

tt 

5249 

—  1.4 

—4.4 

Mar.  18    9  57.3 

— 

7.6 

fit. 

tt 

5301 

—  6.0 

—0.3 

Aug.  14  12  41.7 

+ 

l:?.6 

u 

tt 

5317 

+   7.9 

+  5.1 

Sept  29    9  43.0 

+ 

12.4 

1 1 

tt 

5324 

0.0 

+  6.7 

Oct.  19  11     1.7: 

1842 

— 

11.3 

tt 

tt 

5452 

—10.4 

+  6.7^  Oct.  21 

+ 

9.6 

tt 

tt 

5467 

+   3.3 

+  7.1 

Dec.    3  12    5.4 

+ 

19.2 

tt 

t  t 

5468 

—  6.9 

+  7.0 

6    8  40.1 

1843 

+ 

5.0 

tt 

tt 

5566 

—  8.6 

+  3.4 

Sept  13    8  31.8 
1844 

+ 

4.4 

tt 

tt 

5612 

—20.1 

+  2.5  Jan.  23    6    7.4 
1845 

+ 

10.7 

tt 

tt 

5837 

—16.1 

+  7.2  Oct.  29    9  23.6 

+ 

4.8 

tt 

tt 

1846 

5934 

Aug.    3  12  12.2 

1 

— 

14.6 

Sm 

A17 

5942 

26  11  14.0 

2 

+ 

16.0 

tt 

tt 

—  5950 

—  9.5 

+  4.0  Sept  18    9  16.5 



7.6 

A 

D 

Reduction  to 

Observed  Min. 

E 

V 

0— C 

Obs. 

Ref. 

Sd. 

O 

Helioc.  Paris  M.T. 

Ill 

m 

1847  j     h     m 

m 

—  6086 

Oct.  13    8  52.3 

3 

+   33.2 

S111 

A17 

6093 

Nov.   2  10    9.7 

3 

+     8.3 

i  t 

t  t 

tt 

—  11.1 

+  7.3 

2    9  43.2 

—  13.2 

A 

D 

6094 

—25.6 

+  7.4 

5    6  40.8 

—     4.5 

tt 

tt 

tt 

5    6  38.6 

3 

—  11.7 

Sm 

A17 

6107 

Dec.  12  13  55.3 

1 

+   29.3 

tt 

tt 

6108 

15     7  10.4 
1848 

4 

[-184.5] 

I  t 

t  t 

6116 

Jan.     7    8  39.5 

4 

—     6.5 

tt 

t  t 

tt 

+   2.2 

+  4.5 

7     8  45.7 

+     4.7 

A 

D 

6117 

-  0.9 

+  4.2 

10    5  27.3 

—     2.6 

f  t 

t  ( 

tt 

10    5  26.2 

1 

—     8.7 

Sm 

A17 

6123 

• 

27  10  14.0 

3 

—  14.3 

it 

t  t 

tt 

—  6.5 

+  2.0 

27  10  19.5 

—     3.8 

A 

D 

6206 

Sept  21     9  49.3 

2 

—  17.4 

Sm 

A17 

1849 

6319 

Aim.  11  10  16.4     4 

+     4.5 

1 1 

t  t 

6335 

Sept  26     7     9.4 

3 

—     5.0 

tt 

t  t 

6349 

Nov.    5  10  39.7 

:; 

+     0.8 

tt 

tt 

6357 

28    9  12.1 
1850 

4 

+      2.0 

tt 

tt 

6373 

Jan.  13    6  14.1 

3 

+      1.7 

tt 

tt 

6379 

30  11     7.4 

4 

+      1.6 

t  E 

t  t 

tt 

—  5.0 

+  1.7 

30  10  45.7 

—   15.1 

A 

D 

6486 

Dec.    3    6  10.1 
1851 

4 

—     7.4 

Sm 

A17 

6501 

Jan.  15    6  22.7 

2 

—     8.2 

t  t 

tt 

6515 

Feb.  24  10    5.8 

3 

+    10.5 

tt 

tt 

tt 

+   0.4 

—1.6 

24  10  14.8: 

+   24.4 

A 

D 

6583 

Sept    7    9  19.6 

2 

+     4.5 

Sm 

A17 

6598 

+   0.5 

+  6.7 

Oct.  20    9  39.2  : 

1852 

+    10.7 

A 

D 

6650 

—4.2 

Mar.  17  11  45.5 

—     5.3 

RM 

E 

6651 

—  7.9 

—4.6 

20    8  40.3 

+      0.6 

A 

D 

1 1 

20    8  25.0 

4 

—  19.7 

Sm 

A17 

6695 

—14.8 

—3.0 

July  21  12  21 1.2 

—  10.6 

A 

D 

6711 

Sept.  8    9  45.8 

3 

+      7.7 

Sm 

A17 

6741 

Dec.    3  10  15.3 

4 

+    10.5 

u 

tt 

6748 

23  12  10.3 
1853 

2 

+   23.3 

It 

(  t 

6764 

+  0.7 

Feb.    7    8  59.4 

+   15.2 

RM 

E 

6830 

—0.1 

Aug.  15  14  20.6 

—  10.2 

1 1 

t  t 

6847 

+    1.5 

+  5.5 

Oct.     3    8  18.0 

—     3.8 

A 

D 

6854 

+  11.0 

+  7.0 

23  10    3.5 

—     0.6 

tt 

tt 

tt 

+   2.2 

+  7.0 

23  10  22.2 

+    18  1 

Sd 

W 

tt 

23    9  52.5 

4 

—  16.5 

Sm 

A17 

tt 

+  7.0 

23  10  12.0 

+      7.9 

Kr 

Al 

6855 

+   0.1 

+  7.1 

26    6  58.2  : 

+     5.3 

A 

D 

tt 

26    6  41.7 

1 

—  16.2 

Sm 

A17 

6861 

Nov.  12  11  46.8 

1 

—     4.4 

CI 

tt 

tt 

—  9.6 

+  7.5 

12  11  38.0 

—     8.2 

A 

D 

6862 

15    8  41.4 

4 

+      1.3 

Sm 

A17 

6868 

—  5.6 

+  7.2 

Dec.    2  13  24.8 

—     3.6 

A 

D 

6869 

5  10    2.2 

3 

—  20.1 

Sm 

A17 

6876 

+  5.8 

25  11  34.1 

—  25.4 

Ml 

Jl 

tt 

—11.8 

+  5.8 

25  11  53.5 

—     6.0 

Od 

O 

—  6877 

—  1.4 

+  5.6 

28    8  54.0 

+     5.6 

u 

t  t 

{Continued  in  next  number.) 
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OCCULTATIONS    OF   STAES    BY    THE   MOON  DURING   THE    LUNAR   ECLIPSE 
OF   1888  JAN.  28,  OBSERVED  AT   THE   U.S.   NAVAL   OBSERVATORY. 

[Communicated  by  the  Superintendent.] 


No.  of 
Star. 

Mag. 

Phenomenon 

Wash.  M.T. 

Obs'r 

Remarks 

h          in        a 

264 

8.6 

Immersion 

6  12  21.89 

F 

271 

9.5 

t< 

6  19  44.99 

F 

very  faint 

276 

10 

(C 

6  28  19.20 

F 

very  faint,  somewhat  uncertain 

276 

10 

t( 

6  29     4.4 

II 

doubtful,  sky  hazy 

236 

9.5 

Emersion 

6  30  24.55 

F 

247 

9.2 

i  t 

6  46  45.08 

F 

290 

11 

Immersion 

6  46  56.11 

H 

faint 

284 

6.5 

u 

6  52     6.21 

H 

good 

284 

6.5 

t  e 

6  52     6.51 

P 

sharp  and  satisfactory 

284 

6.5 

t( 

6  52     6.61 

F 

264 

8  6 

Emersion 

6  57  45.39 

F 

264 

8.6 

1 1 

6  57  45.67 

P 

faint,  but  emersion  apparently 
sharp  and  satisfactory 

271 

9.5 

tc 

7     8     7.53 

H 

doubtful 

269 

9.5 

cc 

7     8  46.03 

H 

fail- 

276 

10 

i.  L 

7     9  22.03 

H 

fair 

The  observers  were  A.  Hall,  with  the  26-inch  equatorial, 
power  383  ;  E.  Frisby,  with  9^-inch  equatorial,  power  132  ; 
and  H.  M.  Padl,  with  the  comet-seeker,  power  40.  The 
first  observation  by  Prof.  Hall  was  by  eye  and  ear,  power 
200.     Only  the  last  part  of  the  eclipse  could  be  reached  with 

1888  February  8. 


the  26-inch  equatorial.  The  numbers  of  the  stars  and  their 
magnitudes  are  taken  from  Struve's  list.  The  moon  rose  in 
a  bank  of  haze,  and  the  sky  was  not  quite  clear  at  the  end 
of  the  eclipse. 
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COMET   1888   cl. 

A  Science  Observer  dispatch,  received  from  Kiel,  Feb.  21 ,  announces  the  discovery  of  a  comet  by  Sawerthal  on  the 
Its  position  was  observed  at  Capetown,  as  follows  : 

Feb.  18.6059  Greenw.  M.T.,  a  =  19h  11"'  32s.8  8  =  —56°  3'  44". 

The  daily  motion  was  +1°  44'  in  «,  and  1°  15'  northward. 

It  is  described  as  of  about  the  seventh  magnitude,  but  visible  to  the  naked  eye,  with  well-defined  nucleus,  and  a  tail 
about  2°  long.     It  ought  to  be  visible  in  these  latitudes  very  soon. 
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'  Probably  should  read  Jan.  27. 


t  Probably  should  read  Aug.  27. 


X  Sept.  10  in  orij  Hal. 


On  the  following  pages  I  give  an  ephemeris  of  all  minima 
of  Algol  for  the  next  ten  years,  constructed  on  a  plan 
analogous  to  that  adopted  for  U  Ophiuchi  and  R  Cards 
Majoris.  The  values  of  the  period,  computed  from  the 
expression  on  page  172,  range,  for  a  number  of  years  to 
come,  within  a  fraction  of  a  second  of  2d  20h  48m  51s. 0.  But 
324  days  =  2d  20h  48m  508.97345  X  113  periods,  a  coramen- 
surability  which  forms  a  convenient  basis  for  the  arrange- 
ment of  the  ephemeris. 

The  Greenwich  M.T.  of  minimum,  according  to  the  ele- 
ments on  page  172,  exact  to  the  hundredth  of  a  minute,  is 


found  for  any  date  in  the  table  by  adding  to  the  time  in  the 
right-hand  column  the  value  of  the  correction  at  the  foot  of 
the  column,  interpolated  from  the  two  values  there  given, 
which  correspond  to  the  first  and  last  epochs  in  the  column 
above.  The  numbering  of  the  epochs  is  indicated  at  the 
head  of  the  column. 

It  may  be  added  that  I  have  reduced  the  ephemerides  of 
all  the  remaining  variables  of  t lie  Algol  type  to  the  same 
convenient  form,  and  shall  publish  them  as  soon  as  the  new 
investigations  of  the  periods  of  these  stars,  which  I  have 
now  in  hand,  are  completed. 
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T=  1887  Oct.  8.41138  Berlin  M.T. 
n  =  149°  48'  57"  ) 
&  =    84    28  30    \  1888.0 
i  =    44    32   53    ) 
p  =    68   35  36 
log  q  =  0.078899 

Constants  fok  the  Equator  : 
a-  =  [9.854826]  r  sin  (v+237°  36'  41") 
y  =  [9.972377]  r  siu  (-y+168    39  50  ) 
z  =  [9.891630]  r  siu  (v+  95    54  20  ) 
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EPHEMERIS  OF  THE  OLBERS  COMET. 

By   FRANK  MULLER. 

In  No.  2818  of  the  Astronomische  Nachrichten,  Dr.  Kktje- 
gek  has  given  an  ephemeris  of  Olbers's  comet,  extending  to 
March  10.  On  February  21,  when  the  brightness  relative 
to  that  at  discovery  was  0.25,  the  comet  was  pretty  bright, 
strongly  condensed,  and  easy  to  observe  with  the  26-inch 
equatorial.  As  the  comet  is  favorably  situated  for  observ- 
ing, and  its  brightness  is  decreasing  but  slowly,  I  have 
thought  it  worth  while  to  continue  this  ephemeris  for  the  use 
of  those  in  this  country  who  have  powerful  telescopes.  At 
its  appearance  in  1815  the  comet  was  observed  during  172 
days  :  at  this  appearance  it  will  probably  be  visible  much 
longer.     The  uuit  for  L  is  the  brightness  on  Aug.  27. 

After  making  some  small  corrections  to  Ginzei.'s  elements, 
Dr.  Krueger  based  his  ephemeris  on  them.  The  correction 
to  this  ephemeris,  January  25,  was  +6S  in  right-ascension 
and  +0'.3  in  declination  ;  and  as  this  correction  does  not 
appear  to  be  changing  appreciably,  and  the  agreement  is 
sufficiently  close  for  finding,  I  have  not  thought  it  worth 
while  to  vary  the  elements. 

I  have  reduced  these  elements,  given  in  No.  2806  of  the 
Astronomische  Nachrichlen,  to  the  mean  equinox  of  1888.0; 
thev  are  as  follows  : 
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Leander  McCormick  Observatory,  1888  February  24. 
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ON  THE  XEW  VARIABLE  IX  CETUS,  DISCO YERED  IN  1885  {U  Ceti). 

2h  26"1  45M     —13     47'. 2     (1855.0) 
By  EDWIN  F.  SAWYER. 


The  discovery  of  the  variability  of  this  star  was  announced 
in  the  Astr.  Nachr.,  No.  2660.  It  was  evidently  near  maxi- 
mum when  found,  aud  only  the  decrease  of  light  could  be 
observed.  Dp  to  the  present  time  nothing  further  has  been 
published  regarding  the  star,  although  it  has  since  been 
observed. 

The  recent  publication  of  Dr.  Schonfeld's  southern  DM., 
has,  however,  enabled  me  to  identify  the  comparison-stars, 
and  reduce  the  observations.  The  variable  was  looked  for 
early  in  1886,  and  first  seen  on  February  22,  2  steps  <  SUM. 
13°,492  and  5  +  steps  >  SDM.  13°,483,  or  about  7*. 9.  The 
increase  of  light  was  rapid  aud  uniform,  and  it  reached  max- 
imum early  in  March  :  although  the  exact  time  could  uot  be 
determined,  owiug  to  its  proximity  to  the  sun.  The  maxi- 
mum brightness  was  3  steps  <  SDM.  12c.481  and  1  step 
>  SDM.  13%457.  or  7M.0.  The  star  was  next  observed  on 
October  21  of  the  same  year,  and  found  =  SDM.  13°, 462,  or 
about  8v.O.  After  a  rapid  increase  of  light  a  maximum  was 
passed  about  November  26  :  the  maximum  brightness  being 
5  +  steps  <  SDM.  13°. 457,  1  or  2  steps  >  SDM.  13°,495 
and  4  steps  >  SDM.  13°,492,  or  7M..°>  :  this  being  slightly 

Cambridgeport ,  1888  January  25. 


fainter  than  the  previous  maximum  in  March.  When  last 
observed,  December  21,  it  was  3  or  four  steps  <  SDM. 
13°,492  and  2  or  3  steps  >  SDM.  13°,462,  or  7U.8.  Although 
the  variable  has  now  been  observed  at  three  returns  to  maxi- 
mum, only  one  fairly  good  determination  of  this  phase  has 
been  obtained ;  hence  the  period  remains  as  yet  uncertain  : 
but  a  careful  inspection  of  all  the  observations  indicates  that 
the  period  will  prove  to  be  one  of  moderate  length,  or  about 
235  ±  days,  in  which  case  another  maximum  will  be  due  early 
in  March.  The  star  reaches  7M.0  at  maximum,  aud  is  below 
10M  at  minimum.  The  comparison-stars  used,  and  the  pre- 
liminary light-scale  adopted,  are  as  follow^  : 


a  = 
b  — 
c  = 
d  = 
e  = 
/  = 
9  = 


2  26  56.6 
2  22  2.').  1 
2  30  53.6 
2  29  22.8 
2  22  50.7 
2  27  36.0 
2  27    1.1 


6 

O  | 

—12  57.9 
—13  33.8 
—13  45.8 
—13  32.0 
—13  54.0 
—13  23.2 
—13  35.2 


Mag.      Light 


=   SDM. 


12,481 

7.0 

28.5 

13,457 

6.8 

24.6 

13,495 

7.3 

18.0 

13,492 

7.5 

15.0 

13,462 

8.0 

9.0 

13,483 

8.8 

7.5 

13,481 

8.5 

5.0 

Note.  —  Another  maximum  of  this  star  has  just  been  passed.  It  was  first  seen  this  year  on  Jan.  28  ;  being  then  5 
steps  >  SDM.  13°,483,  and  equal  to  SDM.  13°,462  ;  or  8".l.  The  increase  of  light  was  very  rapid  aud  uniform,  and  a 
maximum  was  reached  ou  February  24  ;  when  its  brightness  was  3  or  4  steps  >  SDM.  13°,457,  and  equal  to  SDM.  12D,481  ; 
or  6M.8.  Its  light  remained  unchanged  for  11  days,  from  Feb.  17  to  28.  The  star  is  now  slowly  decreasing,  and  is 
now  2  steps  <  SDM.  12°,481,  and  1  step  >  SDM.  13°,457  ;  or  7M.0.  Owing  to  its  close  approach  to  the  sun,  the  star  can 
only  be  observed  for  a  few  days  longer.  Its  period  appears  to  be  a  little  shorter  than  is  intimated  above,  probably  about 
228  days.  The  star  is  not  very  red. 
March  7. 


[Pending  the  definite  arrangement  of  the  notation  for  the  variable  stars  in  C'etus,  for  which  only  the  letters  B  and  ^are  assigned  in 
Schonfeld's  catalogue.  I  have,  in  the  palpable  need  of  a  letter  for  this  star,  designated  it  as  UCeti,  leaving  the  letter  T  to  be  used  for  the 
one  of  which  the  variability  was  discovered  by  Chandler  in  1887,  and  subsequently  confirmed  by  Sawyer.  Two  other  stars  in  the  con- 
stellation have  been  announced  as  variable;  but  their  periods  have  not  yet  been  determined,  nor  their  variability  confirmed  by  a  second 
observer.  These  are  U.A.  142.  and  the  one  announced  by  C.  H.  F.  Peters  in  Astr.  Xaclir.  99.  125.  Mr.  Sawyer  has  watched  the  former 
for  some  years  without  detecting  signs  of  variation.  —  G.] 
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OBSERVATIONS   OF   THE   ZODIACAL   COUNTERGLOW. 


By   E.    E.    BARNAK1). 


The  counterglow  is  a  peculiar  zodiacal  phenomenon,  seen 
only  in  that  part  of  the  sky  immediately  opposite  to  the  place 
of  the  sun.  Though  it  has  been  known  for  many  years,  ob- 
servation? of  it  seem  to  be  very  rare. 

It  was  discovered  originally  by  Brorsen.  and  indepen- 
dently by  Backhouse.  In  1883,  never  having  heard  of  it,  I 
also  independently  detected  it.  It  would  therefore  seem  to 
be  not  so  difficult  as  the  great  lack  of  observations  might 
indicate.  The  observations  of  Prof.  Arthur  Seari.e  of 
Harvard  College  Observatory,  who  has  seen  the  counterglow 
in  connection  with  other  zodiacal  phenomena,  are  the  only 
ones  I  have  yet  seen. 

During  the  last  four  years,  I  have,  on  different  occasions, 
observed  the  counterglow  while  comet-seeking,  and  have  at 
various  times  located  it,  as  accurately  as  its  diffuse  nature 
would  permit,  upon  a  chart  or  by  reference  to  some  known 
star.  These  observations,  besides  confirming  its  singular 
relation  to  the  position  of  the  sun,  have  revealed  at  least  one 
peculiarity  that  I  believe  has  never  been  previously  detected, 
i.e.,  the  singular  changes  of  form  to  be  hereinafter  de- 
scribed. 

Speaking  from  my  own  observations,  the  counterglow,  when 
first  seen  in  the  fall,  is  a  roundish  mass  of  hazy  light  about 
ten  degrees  in  diameter  ;  and  though  probably  very  slightly 
so,  it  is  not  perceptibly  brighter  in  the  middle.  Observa- 
tions on  successive  nights  show  that  it  has  a  decided  motion 
eastward  among  the  stars,  and  that  it  lies  on,  or  very  close 
to  the  earth's  orbit ;  and  its  longitude  differs  by  very  nearly, 
if  not  exactly,  180°  from  that  of  the  sun.  After  passing  the 
vernal  equinox  in  the  latter  part  of  September  and  first  of 
October,  a  perceptible  change  takes  place  in  its  form,  a  faint 
zodiacal  baud  becomes  visible,  extending  from  it  some  dis- 
tance on  each  side,  and  the  counterglow  assumes  an  elliptical 
form  ;  later  it  becomes  more  flattened  and  the  band  of  light 
more  distinct,  until  finally  this  band  is  seen  at  midnight  con- 
necting the  evening  and  morning  zodiacal  lights,  and  the 
counterglow  a  mere  swelling,  scarcely  denser  and  but  little 
broader  than  the  band.  I  suspect  that  if  it  were  followed 
longer  it  would  prove  to  be  entirely  absorbed  in  this  band  of 
light.  Prof.  Searle  has  kindly  communicated  to  me  some 
observations  made  by  him  during  the  autumn  of  1886,  which 
seem  to  confirm  this  change  in  form. 

The  counterglow  is  best  seen  by  averted  or  oblique  vision, 
and  I  find  that  by  squinting  the  eyes  its  density  is  apparently 
increased. 

In  its  most  distinct  form  its  location  is  easy,  and  its  place 
can  be  pretty  closely  determined,  although  at  times  it  has 
been  so  faint  that  its  position  could  be  obtained  only  with  a 
coarse  approximation.  So  distinct  does  it  become  at  times 
that  its  presence  has  been  detected  with  the  telescope,  when 


using  a  low  power,  its  existence  being  indicated  by  a  dulling 
of  the  sky.  as  if  a  thin  veil  of  dust  were  intervening. 

The  following  notes  and  positions  were  made  at  Nashville, 
Burritt's  chart  being  used  in  some  cases,  and  the  places 
brought  forward  to  the  time  of  observation. 

1883  October  8.  [First  record,  though  seen  several  days 
earlier.]  Quite  dense,  especially  with  the  eyes  squinted,  or 
when  viewed  obliquely  ;  there  seems  to  be  some  extension 
east  and  west. 

1883  October  20.     Dim. 

1883  October  29.  Rather  dim,  15°  in  diameter;  faint 
zodiacal  band  extends  through  its  place  to  the  horizon,  the 
counterglow  is  merely  a  swelling  out  of  this  band,  and  is  a 
little  denser ;  the  band  is  4°  or  5°  broad  and  very  faint,  but 
certain. 

1883  November  18.  Hazy,  oblong  and  indefinite;  the 
Pleiades  are  involved.  Zodiacal  band  connecting  with  the 
southwest  horizon. 

1883  November  23.  Pretty  distinct;  hazy,  the  light  of 
the  planets  and  stars  make  it  uncertain  of  location.  Zodia- 
cal band  form  southwest  horizon  to  counterglow. 

1884  October  12.  Elongated,  and  hazy:  a  zodiacal  band 
extending  east  of  it  to  the  Hyades,  and  passing  south  of  the 
Pleiades. 

1884  November  10.  Elliptical  east  and  west;  on  the  line 
from  Alcyone  to  a  Arietis,  seven-tenths  of  the  distance  from 
a  Arietis.     Its  axis  as  1  :  2. 

1885  February  6.  Elongated;  directly  on  a  line  from 
Praesepe  to  Jupiter,  one-third  the  distance  from  Praesepe. 

1885  March  19.     Large. 

1885  October  3.     Large,  hazy,  15°  in  diameter. 

1885  October  8.  There  is  a  zodiacal  band  extending  from 
the  zodiacal  light  in  the  east,  to  the  west  horizon;  it  is 
rather  narrow,  and  its  axis  passes  about  44°  south  of  the 
Pleiades.  It  is  about  5°  broad  near  the  Pleiades,  and  passes 
into  a  large  counterglow  situated  among  the  stars  of  the  rib- 
bon of  the  western  fish. 

1885  October  15.  Large,  hazy  :  estimated  to  be  25°  long 
by  10°  or  15°  broad  :  very  noticeable  as  a  longish  strip  of 
nebulous  light. 

1885  November  3.  Large,  west  of  the  Pleiades  :  length  12°, 
breadth  5°  ;  it  is  dull  and  hazy .  but  decidedly  conspicuous  :  can- 
not be  certain  of  any  zodiacal  band  connecting  with  horizon. 

1885  November  5.  Pretty  dense,  long  and  narrow  :  west 
and  south  of  the  Pleiades. 

1886  September  23.  A  very  diffuse  roundish  counterglow  ; 
no  definite  boundary  to  it,  though  it  is  pretty  dense,  and 
about  10°  in  diameter;  it  is  feebly  connected  with  a  faint 
zodiacal  band  which  passes  from  it  to  a  little  south  of  the 
Pleiades. 
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1886  September  28.  Very  hazy  and  diffuse  ;  it  is  roundish 
or  a  little  elliptical,  east  and  west;  there  is,  at  least,  an  ex- 
tension towards  the  Pleiades,  but  cannot  be  certain  of  any 
extension  in  the  opposite  direction  ;   10°  or  15°  in  diameter. 

1886  October  1.  Roundish,  hazy:  no  exteusion  west,  but 
probably  some  to  the  east.  Examining  more  carefully,  there 
is  a  very  faint  extension  to  the  west,  but  a  more  decided 
strip  extends  east,  which  is  easy  43  broad,  and  its  axis 
passes  5°  south  of  the  Pleiades,  and  probably  63  south  of 
re  Arietis.     The  counterglow  is  103  to  153  in  diameter. 

1886  October  2.  Pretty  dense.  I  think  it  is  perceptibly 
east  of  its  place  last  night.  There  is  no  central  conden- 
sation, though  it  grows  quite  dense  with  averted  vision. 

1887  March  14.  Hazy:  very  indefinite,  so  indefinite  that 
cannot  be  certain  of  its  location. 

1887  March  16.  Faint,  diffused  and  hazy.  Sky  poor, 
and  counterglow  not  well  but  certainly  seen.  Its  center 
about  1J°  north  and  west  of  :>  Virginia. 

Positions  of  the  Covnterglow. 


Greenwich  M.T. 
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1883  Oct.  8.742 

0 

56 

+  6.6 

180.1 

+  0.6 

20.617 

1 

45 

+  10.7 

179.2 

—0.1 

29.622 

2 

11 

+  15.5 

180.6 

+  2.2 

Nov.  18.575 

3 

37 

+  18.7 

180.2 

—0.6 

23.700 

3 

56 

+  18.0 

180.9 

—2.3 

1884  Oct.  12.721 

1 

9 

+  7.5 

181.6 

+  0.1 

Nov.  10.659 

3 

11 

+  23. 4 

1  7  7 . 5 

+5.3 

1885  Feb.  6.679 

9 

9 

+  17.5 

184.2 

—1.0 

Mar.  19.742 

12 

6 

+  2.5 

179.3 

+  2.8 

Oct.  3.742 

0 

41 

+  4.0 

180.1 

—0.4 

15.763 

1 

15 

+  11.5 

181.2 

+  3.2 

1886  Sept.  23.742 

0 

6 

+  2.6 

178.7 

+  1.8 

28.659 

0 

24 

+  3.0 

179.3 

+  0.6 

Oct.  1.721 

0 

28 

+  2.0 

181.9 

—0.9 

1887  Mar.  14.683 

11 

26 

+  6.4 

184.6 

—2.5 

16.745 

11 

43 

+  3.9 

181.7 

—2.0 

In  the  table,  the  times  for  the  notes,  as  well  as  for  the 
positions,  are  given  in  the  first  column.  The  second  and 
third  give  the  observed  right-ascension  and  declination,  the 

San  Francisco,  Cal.,  1888  February  8. 


fourth  gives  the  longitude  of  the  sun  (O)  minus  the  longi- 
tude of  the  counterglow  (/.),  and  the  last  shows  the  latitude 
of  its  center. 

I  have  carefully  avoided  any  prejudice  in  the  observations, 
not  knowing  at  any  time  beforehand 'just  where  the  coun- 
terglow should  be. 

Considering  the  figures  in  columns  four  and  five  as  repre- 
senting different  observations  of  constant  quantities,  and 
taking  their  means,  giving  equal  weight,  we  have 


O  — /  =   180°.6  ±0°.3 


6  —  +0°.4  ±0°.3 


which  lead  me  to  believe  that  with  more  accurate  observa- 
tions these  quantities  will  become  180°  and  0°,  respectively, 
though  I  cannot  reconcile  the  positions  of  1884  Nov.  10, 
and  1885  Feb.  6.  with  this,  as  I  think  they  were  well  de- 
termined. 

As  to  the  nature  of  the  counterglow,  I  have  seen  so  little 
upon  the  subject  that  I  do  not  know  if  any  one  has  attempted 
an  explanation  of  it. 

That  it  is  a  nebulous  body,  revolving  about  the  earth  at 
an  unknown  distance  with  a  period  coincident  witli  that  of 
the  earth,  is  highly  improbable,  though  such  would  explain 
the  observations.  I  have  thought  that  it  might  be  due  to  some 
abnormal  condition  of  refraction,— the  refracted  light  of  the 
sun  illuminating  the  matter  that  forms  the  zodiacal  bands,  if 
such  matter  exists,  at  some  distance  beyond  the  earth  ;  it  is 
well  known  that  the  middle  of  the  earth's  shadow  at  the  dis- 
tance of  the  moon  is  thus  illuminated.  This  would  account 
for  the  constant  position  opposite  the  sun.  There  are  ob- 
jections to  this  theory ;  for,  if  the  observations  can  be  thor- 
oughly relied  on,  the  counterglow  varies  slightly  from  the 
ecliptic,  and  © — I  is  not  a  constant  quantity.  But  although 
this  difference  is  not  sufficiently  great  to  be  decisive,  I  think 
it  worthy  of  attention. 

I  hope,  hereafter,  to  have  an  opportunity  to  observe  the 
counterglow  under  more  favorable  conditions.  It  is  very 
desirable  that  as  many  observations  of  its  position  be  secured 
as  possible  to  determine  whether  the  values  of  © — /.  and  p 
are  constant.  It  is  also  important  that  the  changes  of  form 
be  more  carefullv  observed. 


OX   THE   OBSERVATION   OF   THE   VARIABLES   OF   THE   AZGOL-TYPV, 


By  S.  C.  CHANDLER,  Jr. 


The  accompanying  list  of  the  minima  of  these  stars,  con- 
veniently observable  in  America  and  Europe  before  July  1 , 
is  furnished  in  the  hope  that  it  will  incite  to  the  more  abund- 
ant observation  of  their  phenomena.  It  is,  in  fact,  a  copy 
of  a  working-list  that  I  have  been  accustomed  to  prepare  for 
my  own  use,  and  will  be  continued  from  time  to  time,  as 


needed,  in  subsequent  numbers  of  the  Journal.  The  times 
are  purposely  given  only  with  such  approximate  accuracy  as 
will  suffice  for  the  observer  to  prepare  properly  his  scheme 
of  work  for  the  evening.  An  accurate  knowledge  of  the 
predicted  minimum  is  extremely  undesirable,  and  is  scrupu- 
lously avoided  by  the  experienced  observer. 
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In  connection  with  this  initial  list,  it  seems  appropriate  to 
supply  schedules  of  the  comparison-stars.  For  the  three 
newer  variables  of  this  type,  U  Ophiuchi,  YCygni,  and  R 
( 'anis  Majoris,  I  have  already  had  occasion  to  give  such  lists 
in  this  volume  of  tlie  Astronomical  Journal.  .Similar  ones 
for  the  other  six  will  be  found  below.  Schonfeld's  scales 
are  given  for  Algol,  8  Librae,  and  S  Cancri;  Winnecke's  for 
U  Coronae  Borealis ;  and  approximate  scales  provisionally 
reduced  from  a  portion  of  my  own  observations,  for  /.  Tauri 
and  UCephei.  I  have  added  in  the  last  column,  as  possibly 
of  some  convenience,  the  equivalent  adjusted  magnitudes  in 
the  scale  generally  used  among  astronomers,  namely,  that  of 
the  Uranometria  Nova,  the  Durchmu.iste.rung,  the  Uranome- 
tria  Argentina,  and  the  Southern  Durchmusterung. 

Comparison-Stars  and  Light-Scales  ok  Algol-Type 
Variables. 
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For  comparison-stars  of 

U  Ophiuchi,  seep.  137  of  this  volume. 
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Approximate  Ephemekis  of  Algol-Type  Variables,   1888,  Greenwich  M.T. 
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8    Librae 
(7  Opbiuchi 
U  Ophiucbi 
I '  ( )phiuchi 
R  Canis  Maj. 
(/Cephei 
FCygni 
S  Caneri 
(7  Coron.  Bor. 
8   Librae 
(/Ophiuchi 
F  Cygni 
(/Ophiuchi 
U  l  ►phiuchi 
{/Cephei 
8    Librae 
R  Cauis  Maj. 
F  Cygni 
R  Canis  Maj. 
U  Coron.  Bor. 
U  Ophiucbi 
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V  Cephei  31 
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U  Ophiuchi  31 


U  ( )pbiucbi 
V  <  >phiuchi 
F  ( '  vgni 
8    Librae 
U  Cephei 
FCygni 
U  ( (phiuchi 
U  (  oiou.  Bor. 
U  Ophiuchi 
8    Librae 
FCygni 
I '  Cephei 
I    (  oron.  Bor. 
' '  ( )phiuchi 
I '  Opbiuchi 


Mav 

d  "  h 

9 
17 
12 
12 
16 
16 
19 


June 

1  15 

2  11 

3  16 
5  8 

5  12 

6  16 

6  16 

7  10 
7  12 
7  16 
9  15 

10  12 

10  21 

11  16 

12  13 


FCygni 

I '  (  oron.  Bor. 
8    Librae 
U  Cephei 
F  (vgni 
U  <  )phiucbi 
( '  ( )phiuchi 
U  Coron.  Bor. 
U  Ophiucbi 
1'  (  vgni 
( '  ( lephei 
F  Cygni 
8    Librae 
/ '  ( tphiuehi 
I '  ( )pbiucbi 
I '  ( ►phiuchi 
FCygni 
( '  Coron.  Bor. 
V  Cephei 
( '  <  )phiuchi 
)'  (  ygui 
I '  ( (phiuchi 
8    Librae 
( '  Cephei 
1"  Cygni 


June 

d  t. 


12 
14 
14 
15 
15 
16 
17 
17 
18 
18 
20 
21 
21 
21 
22 
23 
24 
24 
25 
26 
27 
28 
28 
30 
30 


15 
8 
16 
11 
15 
17 
13 
19 
9 
15 
11 
15 
15 
18 
11 
10 
15 
16 
11 
19 
15 
11 
15 
11 
15 


OCCULT ATIOXS   OBSERVED   DURING   THE   MOON'S   ECLIPSE,  1888  Jem.  28, 


* 

Phen. 

c 

Dis. 

a 

Reap. 

b 

Reap. 

e 

Dis. 

d 

Dis. 

c 

Reap. 

d 

Reap. 

Rec.  Time.      Gr.  M.S.  Time 


Remarks. 


2  39  4.5  11  2  40.4  Instantaneous 

2  43  10.5  11  6  45.8  Cood. 

2  56  20.8  11  19  53.9  Fairly  good 

3  2  10.0  11  25  42.2  Uncertain. 

3     4  56.8  11  28  28.5  Projected  on  disc. 

3  36  53.0  i   12  0  19.5  Good. 

3  4:5  34.0  12  6  59.4  Near  edge  of  field. 


By   I.F.WIS   liu^. 

The  occultations  reported  in  this  communication  were 
observed  by  aid  of  the  thirteen-inch  refractor  of  the  Dudley 
Observatory. —  magnifying  power  250  diameters.  The  "  eye 
and  ear"  method  was  employed.  For  the  predictions  and 
observing  list  I  am  indebted  to  the  courtesy  of  Director 
Strove  of  the  Polkowa  Observatory.  The  times  recorded 
at  the  telescope  are  of  the  Dent  sidereal  clock,  whose  error 
was  carefully  determined  by  transits  of  the  stars.  Polaris, 
o  Piscium.  (S  Arietis,  a  Arietis,  ;  Tauri,  and  -  Tauri.  The 
resulting  correction  was:  — !7\  94 — 0S.022(T — 21,50m).  In 
the  table  which  follows  are  given,  in  the  column  •'  Recorded 
Time,"  the  uncorrected  times  as  they  were  noted  at  the  tele- 
scope;  the  other  columns  appear  to  require  no  explanation. 


at   Albany,   N.Y. 

A  tolerably  thick  haze  increased  the  natural  difficulty  of 
observing  at  the  low  altitude  which  the  moon  bad  during 
totality.  Assistant  Egbert,  using  the  four-inch  comet- 
seeker,  was  unable  to  see  even  the  brighter  stars  withiu  20s 
of  the  moon's  edge  :  and  at  times  this  was  the  case  with  the 
larger  telescope. 

The  following  table,  containing  places  of  stars  referred  to 
above,  is  copied  from  the  Pulkowa  List  prepared  for  this 
eclipse. 


Ref. 

DM.  No. 

Mag. 

App.  a 

App.  8 

a 

17  1961 

8.7 

131   23.15 

+  17°  37.63 

b 

17  1962 

9.5 

131   26.11 

17  30.07 

c 

17  1967 

9.2 

131  48.32 

17  24.55 

a 

17  1968 

8.6 

131  58.88 

17  35.91 

e 

17  1969 

9.5 

132     1.30 

17  20.11 

AXXOLTXCEMEXT   WITH   REFERENCE   TO   THE   ASTROXOMICAL   CODE. 

I  beg  to  announce  that  the  new  edition  of  the  Science  hundred  and  fifty  pages,  and  is  divided  into  three  parts,  the 
Observer  Code  is  iu  the  binder's  hands,  and  will  very  shortly  number-code,  its  accompanying  list  of  forty  thousand  words, 
be  ready  for  distribution.     It  forms  a  volume  of  about  two      and  the  phrase-code.    The  number-code  and  the  phrase-code 
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are  substantially  the  same  as  in  the  previous  edition,  with 
the  incorporation,  however,  with  such  improvements  as  were 
found  to  be  practicable  among  the  various  suggestions  which 
have  been  received  from  Dr.  Krueger,  Professor  Adams, 
Dr.  Copeland,  Dr.  Gould,  and  others  who  have  had  actual 
experieuce  with  them. 

It  is  thought  that  this  new  edition  will  do  away  with  the 
inconveniences  which  unavoidably  attended  the  use  of  the 
previous  one,  aud  which  were  due  to  the  defective  character 
of  the  dictionary  provisionally  employed.  The  words  are  all 
numbered,  obviating  the  necessity  of  counting,  and  all  known 
sources  of  ambiguity  have  been  removed.  The  number- 
words  have  been  carefully  chosen  from  the  dictionaries  of 
several  languages ;  it  being  evident,  after  careful  consider- 
tion  of  the  subject,  that  this  would  lie  necessary  to  secure 
the  requisite  number  of  suitable  words.  They  have  been  so 
selected  that  the  literal  arrangement  of  any  word  differs  from 
that  of  every  other  by  at  least  two  letters,  and  all  words  of 
more  than  ten  letters  have  been  excluded. 

It  seems  proper,  in  this  place,  to  give  briefly  the  history 
of  the  inception,  introduction,  aud  growth  of  the  system,  as 
it  is  at  present  organized,  for  the  distribution  of  astronomi- 
cal intelligence  in  this  country  ;  no  connected  account  of  the 
matter  having  been  published  heretofore. 

In  1879,  the  writer,  feeling  that  it  would  be  a  useful  ser- 
vice to  astronomy  to  provide  for  the  publication  and  distri- 
bution of  orbits  of  comets  as  soon  as  possible  after  discovery, 
began  the  issue  of  the  special  circulars  of  the  Science  Ob- 
server. In  the  course  of  the  work  attending  the  collection 
of  the  material  for  these  circulars,  the  desirability  of  im- 
provement in  the  existing  system  for  telegraphing  astro- 
nomical data  naturally  suggested  itself.  This  subject  was 
therefore  frequently  discussed  before  the  Boston  Scientific 
Society,  and  the  immediate  result  was  the  preparation,  in 
1881,  of  a  manuscript  code  by  Mr.  Chandler  aud  myself, 
which  was  identical  with  the  number-code,  since  printed. 

To  give  this  code  a  trial  without  interfering  with  the  then 
existing  system  of  international  communication  of  dis- 
coveries, arrangements  were  made  with  Lord  Crawford  for 
the  receipt  or  transmission  of  orbit  messages.  After  a  num- 
ber of  ocean  tests  between  Dun  Echt  aud  Boston,  the  Science 
Observer  Code  was  published  under  the  title.  "  On  the  tele- 
graphic transmission  of  astronomical  data  ;  by  S.  < '.  Chandler, 
Jr.,  and  John  Ritchie,  Jr.,"  in  the  Science  Observer,  Vol. 
III.,  Nos.  9-10,  Aug.  1.  1881.  Later  in  the  year,  the  gen- 
eral needs  of  astronomy  having  been  considered,  a  "  Phrase- 
Code  "  was  put  into  manuscript,  which,  after  two  years'  prac- 
tical trial,  was  revised  and  printed  for  general  distribution. 
In  1882,  upon  the  formation  of  a  European  association  of 


astronomers,  for  announcements  and  for  collection  of  news 
of  astronomical  discoveries,  Dr.  Krueger  expressed  a  wish 
that  the  originators  of  the  code  would  act  as  the  center  for 
the  United  States  ;  and  shortly  afterwards,  Professor  Baird, 
Superintendent  of  the  Smithsonian  Institution,  tendered  to 
Mr.  Chandler  and  myself  the  department  of  international 
exchange  of  astronomical  information.  We  felt,  however, 
that  in  undertaking  the  work,  it  could  be  most  conveniently 
carried  on  by  securing  the  cooperation  of  some  established 
Observatory.  The  reasons  are  obvious ;  and  among  them, 
the  aid  which  the  instrumental  equipment  would  afford.  The 
nearness  of  Harvard  College  Observatory,  together  with  the 
fact  that  Mr.  Chandler  had  meanwhile  become,  and  then 
was,  associated  with  it,  made  it  the  institution  most  naturally 
to  be  looked  to,  for  collaboration.  Professor  Pickering. 
who  had  become  interested  in  the  project,  kindly  tendered 
the  cooperation  of  the  Observatory  ;  and,  in  default  of  any 
formal  association  of  American  Observatories,  like  that  then 
just  formed  in  Europe,  offered  to  defray  the  expense  of 
cable-messages  relating  to  announcements  of  American  dis- 
coveries. This  offer  of  its  influence  and  financial  assistance 
was  cheerfully  accepted,  and  is  gratefully  acknowledged. 

To  facilitate  some  necessary  business  arrangements, 
especially  with  the  telegraph  companies,  which  would  more 
readily  treat  with  the  representative  of  an  institution  than 
with  an  individual,  Professor  Pickering  suggested  the  ad- 
dition of  my  name  to  the  Staff  of  the  Observatory.  The 
appointment  being  nominal  and  without  compensation,  I  saw 
no  objection  to  accepting. 

Meanwhile,  as  an  undertaking  intimately  related  to  the 
foregoing,  although  independent  of  connection  with  any 
Observatory  in  particular,  it  has  been  my  constant  endeavor 
to  make  more  efficient  the  service  which  the  circulars  were 
intended  to  render.  To  this  end  arrangements  have  been 
made  from  time  to  time  with  various  Observatories,  for  the 
telegraphic  interchange  of  positions  of  comets,  for  providing 
material  for  those  who  were  willing  to  undertake  orbit-com- 
putations, aud,  in  the  case  of  a  widely  prevailing  storm,  for 
securing  positions  from  Observatories  out  of  its  range.  The 
hearty  encouragement  and  assistance  met  with  in  every 
direction  in  these  endeavors,  calls  for  my  sincere  thanks. 

It  is  not  expected  that  the  sale  of  the  Code  will  defray  the 
cost  of  its  publication  ;  but  in  order  to  distribute  the  outlay 
in  some  degree,  the  price  of  each  copy  has  been  fixed  at  five 
dollars.  To  avoid  needless  delay  in  distributing  the  book. 
subscriptions  may  be  sent  me  at  once,  by  American  astrono- 
mers, and  arrangements  have  been  made  through  Dr.  Krue- 
ger for  its  distribution  in  Europe. 

John  Ritchie,  Jr. 
Boston,  1888  March  20.     P.O.  Box  2725. 


COMET 

Elements  of  the  new  southern  comet,  computed  by  Mr. 
Finlay,  at  the  Cape  of  Good  Hope,  were  telegraphed  by  Dr. 
Krueger,  Feb.  29. 


1888  CL. 

From  these  Mr.  Chandler  computed  an  approximate 
ephemeris,  which  has  been  circulated  by  the  Science  Ob- 
server. 
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Elements  and  Ephemeris  of  Comet  1888  ft 

a 

.5 

log  r 

log  A 

L. 

T=  1888  March  18.18  Greenw.  M.T. 

Mar.    8.5 

20  45  26 

—28  24 

9.8532 

9.9613 

1.57 

co=      4°  29' 

12.5 

20  59  2 1 

—22    6 

9.8417 

9.9712 

1.58 

&  =  244      6 

16.5 

21  13  52 

—15  52 

9.8369 

9.9862 

1.52 

i  =    43    57 

20.5 

21  27  29 

—  9  56 

9.8364 

0.0031 

1.40 

q  =  0.6845 

• 

24.5 

2 1  40  56 

—  4  23 

9.8431 

0.021 'J 

1.24 

„     n         A/,  cos  p1  =     — 0'.5 
L— U         Ap            =     —0.2 

28.5 

21  54  1  1 

+   0  45 

9.8555 

0.0420 

1.07 

Apr.     l.."i 

22     7  24 

+   5  28 

9.8724 

0.0626 

0.90 

Ephemeris  for  Greenwich  Midnight. 

5.5 

22  20  21 

+   9  43 

9.8927 

0.0834 

0.75 

a                   8             log  '•           log  A 

L. 

The  bria 

htness  Feb. 

18  is  taken 

as  unity 

for  L. 

Feb.  29.5       20  12  55       —40  56       9.8893       9.9510 

1.39 

Mar.    4.5       20  29  59       —34  44       9.8694       9.9542 

1.50 

[The  foregoing  elements  and  ephemeris  were  sent  with  No.   167,  as  a  supplement.] 


The  comet  was  detected  at  the  McCormick  Observatory, 
on  the  morning  of  March  13,  by  Mr.  Muli.er.  whose  obser- 
vations are  given  in  this  number. 

It  has  also  been  observed  by  Prof.  Boss  at  Albany,  and 
Prof.  Frisby  at  Washington,  as  follows  : 


Local  M.T. 

App.  a 

App.  § 

Obs'r. 

d       h       in       b 

h      m      b 

o         I         ,1 

March  17  17  25  56 

21  16  37.2 

—14  46  54 

Boss 

18  17  10  34 

21  19  52.7 

—13  21  52 

Frisby 

OBSEKYATIOXS  OF  COMET   1888  <x, 

MADE    AT    THE   LEANDER   MCCORMICK    OBSERVATORY, 

By  FRANK  MULLER. 


1887     Local  M.T. 

* 

No. 
Comp. 

/a 

-* 

a 

>parent 

log 

foi  a 

Ji9.635 

719.628 
n9.618 

for<S 

h       ni       s 

March    12  17  33  35 
13  17  33  31 
13  17  40  36 
16  17  27     5 

16   17  33     7 

1 
2 
2 
3 
3 

1 

4 
5 
1 
1 

III              8 

+  2   11.23 

+  0  33.14 
+  4  25.1  1 

i         n 

+  2  ■>*.'.* 
+  0  30.7 

h         m       h 

20  59     5.87 

21  3  22.70 
21   13  21.73 

o         ;       n 

—20  36   15.9 
—16   11   24.2 

i 1 

0.803 

0.793 

Mean   Places  for    1888.0  of 

( 'omparison-Stars. 

* 

a 

Red.  to 

app.  place 

S 

Red.  to 
app.  place 

Authority 

1 
2 
3 

20h56"'57.,68 
21     2  52.52 
21     8  59.13 

— 3^04 
—2.96 
—2.54 

o          1          II 

—21  58  41.1 
—20  38  43.8 
—16  11  52.9 

n 

—1.0 

—2.0 

Cincinn.  Zones  3538. 
L(Cin.Z.3559+Capel850+B.VI.+Cambr.  1849 

Oeltz.  Argelander  21244. 

The  observations  were  made  with  the  filar  micrometer  of  the  26-inch  equatorial.  On  March  16,  the  comet  had  a  nucleus 
of  the  5th  to  the  6th  magnitude,  and  the  tail  as  seen  in  the  dawn  was  fan-shaped,  extending  3'  at  a  position-angle  of  270°. 
On  March  12  and  13,  only  the  nucleus  was  seen.     On  March  12.  Jd  was  estimated  as  4'. 

University  of  Virginia,  1888  March  17. 
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OBSERVATIONS  OF  OCCULTATIONS  DURING  THE  TOTAL  ECLIPSE  OF  THE 

MOON,  1888  January  28. 

By  Prof.   DAVID  P.  TODD. 


Star. 
Strm  e's 
No.     Mag. 


Phase. 


247 
201 

9.2 
8.7 

Disap. 
Reap. 

210 
264 

8.6 

Reap. 
Disap. 

236 
247 

9.5 
9.2 

Reap. 

Reap. 

264 

8.6 

Reap. 

Chronometer 

Birch  1217 

M.T 

Error 

on 
G.M.T. 

Greenwich 
Mean  Time 

W't. 

ll            1)1              8 

11     2  22.0 

+  08.7 

h       m         s 

11      2   22.7 

3 

11      7  17.9 

+  0.7 

11      7   18.6 

4 

11   20     5.5 

+  0.7 

11   20     6.2 

2 

11  27  19.5 

+  0.8 

11   27  20.3 

3 

11  44  24.0 

+  0.8 

11   44  24.8 

4 

12     0  23.8 

+  0.8 

12     0  24.6 

4 

12     8     3.8 

+0.8 

12     8     4.6 

4 

These  oecultatious  were  observed  with  the  Clark  refractor, 
of  74_  inches  aperture,  and  a  power  of  100.  The  right- 
ascensions  of  the  Berliner  Jahrbuch  were  used  in  determin- 

Amhersi  College  Observatory,  L888  March  10. 


ing  the  time.  The  weights  are  assigned  on  a  scale  of 
excellence  increasing  from  1  to  5.  The  definitive  position 
of  the  Observatory,  from  a  late  determination  by  the  U.S. 
Coast  and  Geodetic  Survey,  is 

Latitude         +42°  22'  17".l 

Longitude  4h  50m  4s. 6 7  west  of  Greenwich. 

Elevation  of  the  equatorial  above  sea-level,  410  feet. 

Soon  after  twilight  had  disappeared,  the  eclipse  itself  -was 
for  several  minutes  occulted,  by  the  tower  of  an  adjacent 
building  ;  so  that  many  of  the  first  phenomena,  otherwise 
easily  observable,  were  unhappily  lost. 


COMETS   OF   THE   YEAR   1887. 

The  dates  are  in  Greenwich  Mean  Time,  and  the  elements  only  approximate. 


Designation 

Perihelion 

Si 

to 

i 

Q 

+ 

Discoverer 

Date 

Synonym 

I 

II 

III 

IV 

V 

Jan.    11.23 
Mar.    16.71 
Mar.   28.40 
June    16.66 
Oct.      8.46 

337°  43 
279  43 
135  27 
245  13 

84  29 

63°  36 
158  54 
36  29 
15     8 
65   19 

°     / 

137     0 

104   23 

139  49 

17  33 

44  34 

0.005 
1.636 
1 .007 
1.394 
1.199 

o        ; 

84  37 
68  34 

Thome 

Brooks 

Barnard 

Barnard 

Brooks 

Jan.  18 
Jan.  23 
Feb. 16 
May   12 
Aug.  24 

1887  a 
1887  6 
1887  d 
1887  e 
1887  f 

Gt.  Southern 
Olbers's 

The  comet  1887  c,  discovered  by  Barnard  January  23,  is  1886  vm. 


TWO   HUNDRED   SEVENTY-THIRD   ASTEROID 

Au  asteroid  was  discovered,  March  8,  by  Palis  a,  at  Vienna. 
March  8.548  Greenw.  M.T.  a  =  10h  30m  48s  8  =  +10°  36' 


Daily  motion  — 48s  in  a.  and  12'  northward. 


No  166,  p.  173. 

173. 

No.  167,  p.  170. 

184. 


CORRIGENDA. 

Index  to  Observers,  Goodricke's  No.  Minima,    for  6  put  16. 

"  Total  number,    for  684  put  C'J4. 

( !ol.  2,    E  8376,    for  Oct.  14  put  Oct.  4. 
Col.  2,     a,  April  17,    for  16'"  put  15m. 
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THE  CONSTANT  OF  ABERRATION, 

By  Prof.  A.  HALL. 
[Communicated  by  Capt.  R.  L.  Phythxax,  Superintendent  Xaval  Observatory.] 


§  1.  In  1862,  after  some  preliminary  investigations  during 
the  preceding  year.  Professor  J.  S.  Hubbard  began  at  the 
Naval  Observatory  a  series  of  observations  of  a  I/yrae  with 
the  Prime  Vertical  Transit  Instrument.  The  purpose  of  these 
observations  was  to  correct  the  assumed  values  of  the  con- 
stants of  aberration  and  nutation,  and  to  determine  the 
annual  parallax  of  this  star.  Professor  Hubbard  died  in 
August.  1863.  The  observations  were  continued  under  the 
direction  of  Profe>M>r  Sim'>n  Newcomb,  who  had  been  an 
assistant  in  the  observations  from  May.  1862.  Professor 
William  Bareness  became  an  assistant  en  tins  instrument 
in  August.  1862.  The  observations  were  carried  on  by 
Professors  Newcomb  and  Harkxess  until  August,  1865, 
when  Professor  Harkness  was  detached  from  the  Observa- 
tory, and  I  took  his  place  as  assistant  until  the  close  of  the 
observations  in  April,  1867.  These  observations  do  not. 
therefore,  extend  over  sufficient  time  to  give  a  good  cor- 
rection to  the  constant  of  nutation. 

The  methods  of  observing  and  reducing  were  those  of 
W.  SinrvE,  as  is  shown  by  the  following  extract  from  the 
annual  volume  of  the  Observatory  for  1862.     Introduction. 

p.  XXXV. 

■•The  diaphragm  contains  a  vertical  and  a  pair  of  close 
horizontal  wires,  which  cross  in  the  center  of  the  field.  On 
each  side  of  the  vertical  wire,  and  at  equal  distances  from 
it.  there  is  a  system  of  seven  close  wires  ;  these  are  used  in 
observing  transits.  There  is  also  a  vertical  micrometer 
wire  which  is  carried  by  a  screw.  In  April,  oue  revolution 
of  the  screw  was  found  to  be  equal  to  2.V.969. 

The  method  of  observing  is  as  follows :  The  telescope 
having  been  directed  to  the  place  of  the  star  before  transit 
over  the  east  vertical,  four  or  six  level-readings  are  taken, 
the  level-tube  being  reversed  upon  the  axis  after  each  read- 
ing. The  times  of  transit  over  the  seven  wires  first  reached 
by  the  star  are  then  noted,  the  instrument  is  reversed,  and 
the  transits  over  the  same  wires,  now  upon  the  opposite  side 
of  the  field,  are  noted  in  reverse  order.     The  level  is  again 


read,  with  precautions  as  before.  Upon  arrival  of  the  star 
near  the  west  vertical,  the  same  process  is  repeated,  and  the 
telescope  returns  by  the  second  reversal  to  its  original 
position. 

In  observing  a  Lyme  the  lateral  motion  of  the  star  is  so 
slow  that  it  is  found  practicable  to  make  a  part  of  the  level- 
readings  during  the  actual  observations,  i.e.,  between  tran- 
sits over  successive  wires.  Thus,  as  one  or  two  readings 
are  taken  beforehand,  at  least  three  obtained  during  the 
star'>  passage,  and  the  remaining  oue  or  two  before  reversal, 
the  observation  of  level-error  is  strictly  simultaneous  with 
that  of  transit,  and  the  readings  obtained  are  for  precisely 
those  portions  of  the  pivots  which  are  used. 

In  reducing  the  observations  the  transits  over  each  wire 
have  been  treated  separately  according  to  the  method  and 
formulas  of  Strove  (Astr.  Ndchr.,  XX,  p.  210).  These 
formulas  are  as  follows  : 

Denoting  by  8  and  <p  the  declination  of  the  star  and  the 
latitude  of  the  instrument,  by  t  and  ^  the  observed  times  of 
the  star's  transit  over  a  given  wire  in  the  east  vertical  be- 
fore and  after  reversal  of  the  instrument,  and  by  t'  and  f', 
the  corresponding  times  at  the  west  vertical,  and  putting 


we  have 


s  =  {  l(t\-t)  +  (*'—*,)] 


tan  8  —  tan  a  cos  s  cos  u. 


The  values  of  cos  8  and  cos  »  are  computed  separately  for 
each  wire,  and  the  mean  result  multiplied  by  the  constant 
tan  a.  The  instrument  being  forty-five  feet  south  of  the 
center  of  the  pier  of  the  mural  circle,  the  latitude  of  the 
former  is  assumed 

38°  53'  38".80 

The  correction  for  level  is  given  by  the  formula  : 

dd  =  b  sin  25  cosec  2c 

or,  for  a  Lyme,         =  0".984  b. 
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The  intervals  of  the  wires,  or  their  collimation,  if  either 
be  desired,  may  be  computed  by  the  formula  : 

sin  int.  =  cos  if  sin  <p  sin  .s  sin  n . 

The  error  in  azimuth  of  the  axis  is  found  by  comparing 
the  mean  of  the  observed  transits  east  and  west,  corrected 
for  clock-error,  with  the  tabular  right-ascension  of  the  star. 
The  corresponding  correction  of  declination  is: 

d'8  =  I  '(-'sin  1"  sin  23  cosec  <f. 

This  correction  was  found  to  be  sensible  for  the  first  few 
days  of  observation  only. 

In  the  printed  observations  the  headings  of  the  several 
columns  indicate  sufficiently  the  quantities  therein  shown, 
and  therefore  require  no  special  explanation,  except  that  in 
the  reduction  to  1860.0  the  daily  change  of  declination  of 
the  star  arising  from  precession  and  proper  motion  is  as- 
sumed to  he 

+  0". 008455  +  0". 0000079  (<— 1860)." 

This  corresponds  to  the  annual  proper  motion  found  by 

Peters, 

0".2792. 

j;  L\  As  a  Lj/rae  at  its  transit  passed  south  of  the  zenith 
by  less  than  a  quarter  of  a  degree  il  was  assumed  that  the 
error  of  azimuth  would  generally  be  insensible.  The  error 
of  collimation  was  eliminated  by  reversal,  and  the  error  of 
level  was  the  only  one  to  be  feared.  The  striding  level  was 
regrouud  by  Mr.  Wukdemann,  and  appears  to  have  been 
excellent ;  and,  as  shown  by  the  above  extract,  great  care 
was  given  to  the  determination  of  this  correction.  Until 
1865  the  observations  were  reduced  to  1860.0,  and  during 
the  rest  of  the  time  to  1870.0,  according  to  the  custom  then 
followed  at  the  Naval  Observatory.  This  reduction  was  com- 
puted for  every  tenth  day,  and  interpolated  for  the  time  of 
observation. 

Several  years  ago,  on  reducing  some  equatorial  obser- 
\  ations  for  the  parallax  of  this  star,  1  made  a  careful  revision 
of  the  formulas  employed  in  reducing  the  prime-vertical 
observations,  and  of  the  numerical  work,  and  was  convinced 
that  these  formulas  and  reductions  are  essentially  correct. 
However,  a  slight  examination  of  the  declinations  found  at 
different  seasons  of  the  year  showed  that,  from  the  entire 
series,  a  small  negative  parallax  of  the  star  would  result. 
There  were  some  unfortunate  circumstances  about  the  po- 
sition of  the  instrument  and  the  construction  of  the  piers  ; 
and  at  that  time  it  seemed  to  me  not  worth  while  to  under- 
take a  discussion  of  these  observations.  Hut  after  a  further 
experience  of  the  difficulty  of  determining  quantities  so  small 
as  a  tenth  of  a  second  of  arc,  it  seems  to  me  desirable  that 
such  a  series  of  observations,  designed  by  an  accomplished 
astronomer,  and  made  with  great  care  during  five  years, 
should  be  discussed  for  the  purpose  of  ascertaining  what 
result  they  will  furnish  for  the  constant  of  aberration.  I 
have   therefore    undertaken   the   work    of    determining    the 


value   of   this   constant   and   the   parallax  of   the  star  from 
these  observations. 

Soon  after  beginning  the  observations,  a  system  of  assign- 
ing weights  was  adopted  by  the  observers  ;  thus  5  would 
denote  a  perfect  condition  of  the  image,  3  an  average  con- 
dition, and  1  a  very  poor  condition.  These  weights  were 
assumed  to  depend  entirely  on  the  condition  of  the  images. 
As  the  observation  was  a  perfectly  symmetrical  one,  it  is 
doubtful  whether  the  equation  of  condition  should  be  weight- 
ed according  to  the  preceding  system.  This  doubt  is  con- 
firmed by  a  comparison  of  the  weights  and  notes  of  the 
observers  with  the  results  of  the  reduction.  The  following 
are  examples : 

1863  December   15.       Note:  —  "Observation    not  worth    a 

curse."    Weights  4  and  2. 

1  866   April   9.  Note  :  —  "  I  consider  the  independent 

value  of  the  result  of  the 

preceding  to  be  precisely 

•  zero,  owing  to  the  change 

of  aspect  of  the  star  be- 
tween the  verticals :  1st 
vertical  a  mass  of  moving 
points ;  2d  vertical  well 
defined."  Weights  2  and 
3. 

The  reduction  of  these  observations  shows  that  the  results 
are  in  good  agreement  with  the  mean  of  the  observations. 
There  seems  to  be  a  compensation  in  the  case  of  poor  images 
that  is  not  recognized  by  this  method  of  weighting.  Prob- 
ably this  arises  from  the  greater  care  that  is  given  to  the 
work  when  the  images  are  unsteady  and  poor. 

§3.  Instrumental  Corrections.  The  collimation  of  the 
telescope  would  be  eliminated  by  reversal,  provided  it  re- 
mained constant  during  the  time  of  an  observation,  which 
was  about  68  minutes.  Throughout  these  observations  this 
correction  was  kept  small,  and  it  is  assumed  to  lie  eliminated 
by  the  method  of  observing. 

The  level-error  is  the  most  important.  The  method  de- 
scribed above  for  determining  this  error  was  followed  until 
1865.  From  the  beginning  of  this  year,  the  level  was  not 
raised  from  the  axis  during  an  observation,  and  was  read 
but  once  in  each  position  of  the  instrument.  This  method 
was  adopted  from  Sim  ve,  and  seems  to  give  good  results. 
The  probable  error  of  a  single  level-determination  was 
±0".0S4.  There  are  a  few  cases  where  a  large  change  in 
the  length  of  the  bubble  is  shown,  and  which  might  be  better 
explained  by  repeated  readings.  I  have  made  but  one 
change  in  these  reductions.  On  Feb.  20,  I860,  the  level 
correction  is  assumed  to  be  +0".40  instead  of  +0".15.  The 
level  itself  appears  to  have  been  an  excellent  instrument. 
It  was  examined  again  at  the  close  of  the  observations,  and 
the  value  of  a  division  was  found  to  be  1".029. 

The  error  of  azimuth  was  assumed  to  be  insensible,  except 
for  the  first  five  observations,  March  •-'.'">  to  April  11,  1862. 
To  these  a  correction  of  +0".15  was  applied  on  account  of 
azimuth.  Since  a  Lyme  passed  so  near  the  zenith  of  the 
instrument   it  would   require   considerable   deviation    of    the 
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telescope  from  the  prime  vertical  to  produce  a  sensible  error 
on  account  of  azimuth.  A  deviation  from  this  plane  is 
shown  by  comparing  the  mean  of  the  observed  transits,  cor- 
rected for  error  of  clock,  with  the  right-ascension  of  the 
star.  If  we  call  this  difference  t,  the  declination  observed 
in  the  meridian  8,  and  the  declination  actually  observed  8', 

we  have 

tan  (90°— 8')  cos  r  =  tan  (90°— 5), 
or 

tan  8    _        1 

tan  8'        cos  r 

Subtracting  unity  from  both  sides  of  this  equation,  and 
reducing,  we  have 

si„  (fl— 8')   =  sin  £t'j.  2  sin  d  cos  8\ 
or  with  sufficient  accuracy 

8  =  5'  +  sin  |r-'  sin  28  cosec  1". 

For     8  =  +38°  39'.6,     this  formula  gives  the  following 
table  of  corrections  for  azimuth  with  the  argument  r. 

Correction  =  [5.3037] "sin  \x'-. 


r 

Corr. 

T 

Corr. 

T 

Corr. 

3 

1 

o"ooo 

s 

11 

OJ032 

21 

0.117 

2 

0.001 

12 

0.038 

22 

0.129 

3 

0.002 

13 

0.045 

23 

0.141 

4 

0.004 

14 

0.052 

24 

0.153 

5 

0.007 

15 

0.060 

25 

0.166 

6 

0.010 

16 

0.068 

26 

0.180 

7 

0.013 

17 

0.077 

27 

0.194 

8 

0.017 

18 

0.086 

28 

0.209 

9 

0.022 

19 

0.096 

29 

0.224 

10 

0.027 

20 

0.106 

30 

0.239 

The  reductions  being  carried  out  to  hundredths  of  a 
second  of  arc,  the  correction  for  azimuth  becomes  sensible 
for  t  =  5B.  As  there  may  be  some  doubt  whether  the  in- 
strument was  always  kept  sufficiently  near  the  plane  of  the 
prime  vertical,  I  have  collected  all  the  determinations  of  the 
clock-error  which  enable  us  to  find  t.    These  are  as  follows  : 


23.6  :  Instrument  adjusted. 
4.3  :  Adjusted  azimuth  and  collim. 
3.5 
9.2 
4.5 
3.4 
3.5 
4.  i 
4.5 
2.6 
3.0 
4.0 
4.3 


1862  April 

11 

1863  Mar. 

31 

1863  Sept. 

23 

1863  Nov. 

4 

1863  Nov. 

13 

1863  Nov. 

18 

1863  Dec. 

1 

1863  Dec. 

26 

1864  Jan. 

15 

1864  Feb. 

9 

1864   Feb. 

23 

1864  Julv 

4 

1864  July 

23 

1864  Aug. 

5 

T  = 

1.4 

1864  Sept. 

10 

u   

3.5 

1864  Nov. 

23 

tc  

0.0 

1865  July 

3 

tc   — 

0.2 

1865  Aug. 

11 

,1  — 

0.0 

1865  Sept. 

19 

cc  

3.9 

1866  May 

21 

t(   — 

2.8 

1866  June 

21 

.  (    

1.2 

1866  Oct. 

8 

I .    

0.0 

It  will  be  seen  that  after  the  adjustment  of  the  instrument 
in  April,  1862,  the  values  of  r,  with  one  exception,  give  no 
sensible  corrections  for  azimuth.  Still,  it  would  be  desirable 
that  a  more  continuous  examination  of  this  correction  should 
be  made,  and  that  the  azimuth  at  the  time  of  observation 
should  be  beyond  doubt. 

§  4.     The  following  is  the  assumed  form  of  the  equation 

of  condition  : 

x  +  by  +  cz  +  n  =  0 
where 

x  =  correction  to  the  assumed  declination  of  the  star, 
y  =  the  annual  parallax  of  the  star, 
z  =  correction  to  the  assumed  constant  of  aberration, 
n  =  difference  of  an  assumed  declination  and  the  observed 

value. 
The  coefficients  b  and  c  are  found  from  the  expressions  : 

b  —  Ra  cos  (Q+A) 
c  =      a  sin  (Q  +  A). 

R  is  the  radius  vector  of  the  earth,  and  O  is  the  longitude 
of  the  sun.  The  auxiliary  quantities  are  computed  from  the 
equations : 

a  sin  A  =  cos  e  sin  «  sin  8  —  sin  s  cos  8 

a  cos  A  =  — cos  a  sin  8, 

in  which  =  is  the  obliquity  of  the  ecliptic,  and  a  and  8  are 
the  right-ascension  and  declination  of  the  star.  These 
auxiliary  quantities  in  the  case  of  «  Lyme  are  as  follows : 

loar  <;  ^1 


1862 

9.9458 

264  17.4 

1863 

9.9458 

264  17.0 

1864 

9.9458 

264  16.7 

1865 

9.9458 

264  16.4 

1866-67 

9.9458 

264  16.1 

The  following  tables  contain  the  equations  of  condition. 
The  first  column  gives  the  running  number  of  the  equation  ; 
the  second  column,  the  date  ;  and  the  third  column,  the  seconds 
of  the  observed  declination  of  the  star.  Then  follow  the 
equations.  The  last  column  gives  the  residuals,  which  were 
found  by  substituting  the  values  of  the  unknown  quantities 
resulting  from  the  least-square  solution  in  each  equation. 
The  quantities  of  the  third  column  will  be  found  in  the 
volumes  of  the  Naval  Observatory,  1862-1867. 
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1862. 


No. 


1 
2 
3 
4 
5 
6 
i 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 

24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


Date. 


Mar. 


Apr. 


Deel. 


Equations. 


May 


June 


July 


All";. 


25  20.52 

26  19.93 

2  20.06 

3  19.91 
LI  20.61 

15  20.54 

16  20.56 


17 
•_>■_' 

29 

6 

7 

8 

9 

11 

12 

16 

19 

21 

25 


28 
6 
8 
10 
12 
13 
15 
16 
17 
18 
19 
24 
25 
26 


20.31 

20.17 

20.52 

20.31 

20.46 

■20.08 

20.10 

20.12 

20.30 

20.30 

19.94 

2O.H0 

19.88 

20.50 

20.49 

20.33 

19.90 

20.49 

20.13. 

20.08 

19.84 

20.40 

20.21 

20.59 

20.38 

20.21 

20.76 

20.37 

2719.90 
3  20.55 
I  20.10 

11  20.01 


12 
14 
21 
25 

28 
29 
30 

1 
2 
4 
6 


20.06 

20.54 
20.29 
19.91 
20.20 
20.41 
20.62 
19.98 
20.82 
20.31 
20.28 

11  20.36 

12  20.41 

13  20.28 
15  20.51 
1820.49 
Hi  20. .-,2 


Sept. 


28 
5 


20.36 
20.26 

20.12 


x—  0.003 
+  0.013 
+0.119 
+  0.134 
+  0.252 
+0.310 
+0.324 
+0.338 
+  0.407 
+  0.486 
+  0.582 
+  0.594 
+  0.604 
+  0.616 
+  0.637 
+  o.i;i7 
+  0.688 
+0.716 
+  0.734 
+0.766 
+0.781 
+  0.789 
+0.844 
+  0.854 
+0.863 
+  0.871 
+  0.874 
+  0.880 
+  0.884 
+0.887 
+  0.888 
+  0.891 
+0.897 
+0.897 
+  0.898 
+0.898 
+  0.893 
+  0.891 
+  0.871 
+  0.867 
+0.859 
+0.823 
+0.796 
+  0.775 
+  0.769 
+  0.760 
+  0.744 
+  0.735 
+  0.717 
+  0.699 
+0.649 
+  0.63!) 
+  0.62S 
+  0.606 
+  0.572 
+  0.561 
+  0.449 
+  0.340 
+  0.299 


y  —0.883a 
—0.883 
—0.875 
—0.872 
—0.847 
—0.827 
—0.822 
—0.817 
—0.785 
—0.732 
0.668 
—0.659 
—0.649 
—0.638 
—0.631 
—0.607 
—0.562 
—0.528 
—0.504 
—0.453 
—0.429 
—0.416 
—0.295 
—0.267 
—0.238 
—0.2 10 
—0.196 
—0.167 
—0.153 
—0.139 
—0. 1  2  1 
—0.109 
—0.036 
—0.021 

—0.007 
+  0.00S 

+  0.095 
+  0.109 
+  0.211 
+  0.22.-) 
+  0.253 
+0.350 
+  0.403 
+  0.441 
+0.454 
+  0.466 
+  0.490 
+  0.503 
+0.527 
+0.551 
+  0.607 
+  0.617 
+  0.628 
+  0.648 
+  0.677 
+  0.687 
+  0.762 
+0.815 
+  0.831 


0.28: 

+  0.31: 
+  0.18: 

+  o.:;:i : 

—0.37: 
—0.30  : 
—0.32: 

—0.07: 
+  O.II7: 
—0.28  : 
—0.07: 
—0.22  : 
+  0.16: 
+  0.1  1  : 
+  0.12  = 
—0.06  : 
—0.06  : 

+  0.30  = 
—0.72  = 

+  0.36: 

—0.26  = 

—0.25  : 

—0.09  = 
+  0.34: 

—0.25  : 
+  0.11  = 
+  0.16: 

+  0.40  = 
—0.16  = 
+  0.03  = 
—0.35  = 
—0.14  = 
+  0.03  = 
—0.52  = 
—0.13  = 
+  0.34  = 
—0.31  = 
+  0.14  = 
+  0.23  = 
+  0.18  = 
-0.30 

— 0.05  = 

+  o.:;:;  = 

+  0.01  = 
—0.17  = 
—0.38  = 
+  0.26  = 
—0.58  = 
—0.07  = 
—0.04  = 
—0.12  = 
—0.17  = 
—0.04  = 
—0.27  = 
—0.25  = 
—0.08  = 
—0.12  = 
—0.02  = 
+  0.12  = 


Resid. 


-0.23 
+0.36 

+  0.24 

+  0.39 

1—0.30 

1—0.23 

-0.25 

0.00 

+0.15 

-0.20 

+  0.01 

i—O.H 

+  0.24 

+  0.22 

+  0.20 

+  0.02 

+  0.02 

+0.38 

-0.68 

+  0.11 
1—0.18 
1—0.17 
-0.01 
+  0.42 
'—0.18 
+  0.18 
+  0.23 
+  0.47 
1—0.09 
+  0.10 
-0.28 
-0.07 

0I+0.09 

0|—0.46 
0—0.07 

0+0.40 
0—0.26 


+  0.19 
+  0.27 
+0.22 
—0.26 
—0.32 
+  0.35 
+  0.06 
—0.15 
—0.36 
+  0.27 
—0.57 
—0.06 
—0.04 
—0.12 
—0.17 
—0.04 
—0.28 
—0.26 
—0.10 
—0.15 
—0.07 
+  0.07 


1862. 


No. 

Date. 

Decl. 

Equations. 

Resid. 

60 

Sept.   1!) 

20.06 

x  +0.138?/ 

+  0.8722  +0.18  =  0 

n 
+  0.12 

61 

22 

19.49 

+0.093 

+  0.878 

+  0.75  =  0 

+  0.68 

62 

23 

19.79 

+0.078 

+0.879 

+  0.45  =  0 

+  0.38 

63 

25 

2O.10 

+0.048 

+  0.882 

+0.08=  0 

+  0.01 

01 

Oct.      3 

19.59 

—0.073 

+0.879 

+  0.65  =  0 

+  0.57 

65 

6 

20.11 

—0.118 

+0.875 

+  0.14  =  0 

+  0.06 

06 

7 

20.00 

—0.133 

+  0.872 

—0.36  =  0 

—0.44 

67 

8 

20.01 

—0.148 

+  0.871 

+  0.23  =  0 

+  0.14 

68 

9 

20.11 

—0.103 

+  0.868 

+  0.13  =  0 

+  0.04 

69 

10 

20.03 

—0.200 

+  0.841 

+  0.21  =0  +0.12 

70 

17 

\'x*:> 

—0.280 

+0.837 

+  0.39  =  0+0.30 

71 

18 

19.98 

—0.294 

+0.832 

+  0.26  =  0+0.17 

72 

20 

20.16 

—0.322 

+  0.821 

+0.08=0—0.02 

7:; 

21 

2O.0.". 

—0.336 

+  0.816 

+  0.19  =  0!  +  0.09 

74 

22 

20.35 

—0.351 

+  0.810 

—0.11  =  0  -0.21 

75 

23 

20.. -.0 

—0.365 

+  0.804 

—0.32  =  0—0.42 

70 

2  1 

19.97 

—0.378 

+  0.796 

+  0.27  =  0 

+  0.17 

77 

27 

20.34 

—0.419 

—0.776 

—0.10=0 

—0.20 

78 

29 

19.77 

—0.445 

+  0.761 

+  o.47  =  0 

+  0.37 

79 

31 

20.20 

-0.471 

+  0.744 

+  o.O4  =  0 

—0.06 

80 

Nov.    10 

20.27 

—0.591 

+  0.651 

—0.03  =  0 

—0.14 

81 

i:; 

19.98 

—0.623 

+  0.619 

+  0.26  =  0+0.15 

82 

15 

20. -J:, 

—0.644 

+  0.596 

—0.O1  =  0—0.12 

83 

22 

20.28 

—0.711 

+  0.511 

—0.04  =0—0.14 

84 

24 

20.15 

—0.727 

+0.486 

+  0.09  =  0 

—0.02 

85 

Dec.      2 

20.38 

—0.787 

+0.377 

—0.14  =  0 

—0.24 

86 

4 

20.14 

—0.799 

+  0.349 

+  0.10  =  0 

0.00 

87 

10 

20.41 

—0.830 

+  0.261 

—0.17  =  0 

—0.27 

88 

11 

20.29 

—0.834 

+O.240 

—0.05  =  0—0.15 

89 

12 

20.28 

—0.839 

+  0.231 

—0.04  =  O—0.14 

90 

15 

20.32 

—0.849 

+  0.185 

—0.08  =  o 

—0.17 

91 

18 

20.02 

—0.857 

+  0.140 

+  0.22  =  0 

+  0.13 

92 

20 

20. 1 7 

—0.862 

+0.109 

+  0.07  =  0 

—0.02 

93 

29 

20.13 

—0.808 

—0.033 

+  0.11=0 

+  0.03 

1863. 


No. 

Dale. 

Decl. 

Equations. 

Resid. 

1 

Jan.      1 

ii 
20.07 

x— 0.8722/ 

—0.094s  +0.15  =  0 

+  o'.23 

2 

2 

20.01 

—0.862 

—0.110 

—0.39  =  0 

—0.31 

3 

4 

20.21 

—0.857 

—0.141 

+  0.01  =  0 

+  0.08 

4 

10 

20.1  1 

—0.809 

—0.322 

+0.08=  0 

+  0.11 

5 

30 

20.1  1 

—0.707 

—0.514 

+  0.08  =  0  +0.07 

6 

Feb.      3 

20.22 

—0.670 

—0.503 

0.00  =  0—0.03 

7 

6 

20.63 

—0.640 

—0.599 

—0.41  =  0 

—0.45 

8 

9 

20.39 

— 0.0o:i 

—0.002 

—0.17  =  0 

—0.22 

9 

12 

20.41 

—0.576 

—0.663 

—0.19  =  0—0.24 

10 

20 

20.40 

—0.17'.i 

—0.738 

—0.18  =  0—0.26 

11 

Mar.      2 

20.52 

—0.345 

—0.811 

—0.30  =  0— 0.41 

12 

4 

20.2  7 

—0.317 

—0.823 

—0.05  =  0 

—0.16 

13 

8 

20.34 

—0.260 

—0.843 

—0.12  =  0 

—0.24 

14 

11 

20.15 

—0.210 

—0.856 

+0.07  =  0 

—o.o,; 

15 

13 

20.16 

—0.1  so 

—0.863 

+  0.06  =  0 

—0.07 

16 

26 

20.02 

+  0.009 

—0.883 

+  0.20  =  0 

+0.04 

17 

29 

19.64 

+  0.055 

—0.881 

+0.58  =  0 

+  0.41 
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1863. 

No. 

Date. 

Decl. 

Equations. 

Resid. 

No. 

Date. 

Decl. 

Equations. 

Resid. 

18 

Mar. 

31 

n 
19.83 

x  +  0.085?/ 

—0.8792  +0.39  =  0 

+0.22 

45 

Sept.  21 

11 
20.32 

x+0.1\2y 

+  0.8762—0.10  =  0 

1 
+  o!o4 

19 

Apr. 

2 

19.72 

+  0.115 

—0.875 

+  0.50  =  0 

+  0.33 

46 

22  20.58 

+0*097 

+  0.878   —0.36  =  0 

—0.22 

20 

3 

19.41 

+0.130 

— 0.s7:l 

+  o..si  =0 

+  0.64 

47 

2320.05 

+  0.081 

+0.879    +0.17  =  0 

+  0.31 

21 

5 

19.63 

+  0.160 

—0.868 

+0.59  =  0 

+  0.42 

48 

26  20.20 

+  0.036 

+  0.882    +0.02  =  0 

+  0.17 

22 

9 

19.96 

+  0.220 

—0.856 

+  0.26  =  0 

+  0.08 

49 

30 

20.52 

—0.024 

+  0.882   —0.30  =  0 

—0.15 

23 

10 

20.12 

+  0.234 

—0.851 

+  0.10  =  0 

—0.08 

50 

Oct.      9 

20.06 

—0.159 

+  0.868    +0.16  =  0 

+  0.32 

24 

30 

20.13 

+0.508 

—0.726 

+  0.09  =  0 

—0.10 

51 

12 

20.1S 

—0.20  1 

+  0,859    +0.04  =  0 

+  0.21 

25 

May 

1 

19.95 

+  0.520 

—0.717 

+  o  27  =  0 

+  0.08 

52 

17 

20.57 

—0.276 

+  0.838   —0.35  =  0 

—0.18 

26 

4 

19.58 

+  0.556 

—0.690 

+0.64  =o 

+  0.45 

53 

Nov.     4 

20.21 

—0.517 

+  0.712   —0.02  =  0 

+  0.16 

27 

10 

19.86 

+  0.624 

—0.630 

+  0.36  =  0 

+  0.17 

54 

7 

20.44 

—0.554 

+  0.683    —0.22  =  0 

—0.04 

28 

11 

19.77 

+  0.635 

—0.620 

+0.45  =0 

+  0.26 

55 

13 

20.22 

—0.621 

+  0.622        0.00  =  0 

+  0.18 

29 

14 

20.23 

+  0.667 

—0.588 

—0.01  =0 

—0.20 

56 

14 

20. 20 

—0.631 

+  0.610   —0.04  =  0 

+  0.14 

30 

15 

19.94 

+  0.676 

—0.577 

+  0.28  =  0 

+  0.10 

57 

17 

L'O.71 

—0.661 

+  0.576    —0.49  =  0 

—0.32 

81 

22 

20.00 

+  0.741 

—0.494 

+0.22  =  0 

—0.O4 

58 

IS 

20.01 

—0.671 

+  0.564    +0.21  =0 

+  0.38 

32 

31 

20.47 

+0.809 

—0.380 

—0.25  =  o 

— 0.421 

59 

20 

20.26 

—0.691 

+  0.540   —0.04  =  0 

+  0.13 

33 

June 

7 

20.20 

+0.848 

— 0.2. si 

+  0.02  =  0 

—0.13; 

60 

26 

20.17 

—0.742 

+0.463    +0.05  =  0 

+  0.21 

34 

8  20.31 

+  0.854 

—0.270 

—0.09  =  0 

—0.24 

61 

30 

20.83 

—0.772 

+  0.409    +0.61=0 

—0.45 

35 

12 

20.27 

+  0..S71 

—0.211 

—o.O5  =  0 

—o.l'.i 

62 

Dec.      1 

20.16 

—0.778 

+  0.395    +0.06  =  0 

+  0.21 

36 

14 

20.35 

+  O..N77 

—0.185 

—0.13  =  0 

—0.27; 

63 

3 

20.37 

—0.791 

+  0.366   —0.15  =  0 

0.00 

37 

17 

20.22 

+  0.910 

—0.142 

0.00  =  0 

—0.14 

64 

4 

20.68 

—0.7:i7 

+0.352   —0.46  —  0 

—0.31 

38 

July 

8 

20.15 

+0.882 

+0.164 

+  0.07  =  0 

—0.01 

65 

7 

20.05 

—0.815 

+  0.309    +0.17  =  0 

+  0.31 

39 

Sept. 

4 

20.51 

+0.358 

+0.808 

—o.2'.l  =  0 

—0.19 

66 

8 

20.57 

—0.819 

+  0.294   —0.35  =  0 

—0.21 

40 

5 

20.58 

+0.344 

+0.814 

—0.36  =  0 

—0.26 

67 

10 

20. 2  7 

—0.829 

+  0.265    —0.05  =  0 

+  0.09 

41 

1  1 

20.40 

+  0.215 

+  0..S57 

— 0.1*  =  0 

—0.06^ 

68 

15 

20.45 

—0.849 

+  0.189   —0.23  =  0 

—0.10 

42 

15 

20.23 

+  0.201 

+  0.860 

—0.01  =  0 

+  0.11 

69 

21 

20.33 

—0.867 

+  0.049    —0.11  =0 

—0.01 

43 

16 

20.41 

+  0.186 

+0.864 

—0.19  =  0 

—0.06 

70 

26 

20.28 

—0.868 

+  0.019    —0.06  =  0 

+  0.04 

44 

17 

20.25 

+  0.171 

+  0.867 

—0.03=0 

+  0.10 

71 

29 

20.32 

—0.868 

—0.028   —0.10  =  0 

—0.01 

(To  be  continued. ) 


ON   THE   VARIABLE   STAR    T  VULPECULAE, 


By  EDWIN  F.  SAWYER. 


From  my  observations,  130  in  number,  of  this  star,  extend- 
ing from  1885  October  25  to  1887  January  27,  the  following 
times  of  maxima  and  minima  have  been  determined.     The 

Observed  Maxima. 


+ 


E 

Camb.  M.T. 

Wt. 

O— C 

■  2 

1885  Oct. 

24.65 

1 

—0.13 

1 

29.90 

1 

+  0.68 

0 

Nov 

2.28 

3 

—0.38 

2 

11.75 

2 

+  0.22 

3 

16.08 

2 

+  0.11 

4 

20.49 

1 

+  0.09 

5 

24.  SG 

1 

+  0.02 

6 

29.50 

1 

+  0.22 

7 

Dec 

3.94 

1 

+0.22 

9 

12.77 

2 

+0.18 

10 

17.52 

2 

+0.49 

11 

21.59 

1 

+  0.13 

13 

30.39 

2 

+0.05 

16 

1886  Jan. 

12.84 

2 

+  0.19 

17 

17.25 

1 

+  0.17 

18 

21.83 

1 

+  0.31 

19 

26.25 

1 

+0.29 

58 

July 

18.33 

1 

+  0.34 

comparisons  in  the  column  O — C  are  with  Mr.  Chandler's 
elements,  published  in  No.  145  of  this  Journal. 

Observed  Minima. 


E 

Camb.  M.T. 

Wt. 

0— C 

2 

1885  Nov.  10.85 

2 

+  0.38 

3 

14.97 

2 

+  0.06 

6 

28.14 

2 

—0.08 

7 

Dec.    2.39 

2 

—0.27 

8 

6.96 

3 

—0.13 

9 

11.24 

1 

—0.29 

10 

15.74 

•> 

—0.23 

11 

20.24 

1 

—0.16 

12 

24.23 

1 

—0.60 

13 

211.25 

2 

—0.03 

14 

1886  Jan.     2.40 

1 

—0.31 

15 

6.82 

2 

—0.33 

16 

11.29 

2 

—0.30 

17 

13.77 

2 

—0.25 

18 

20.60 

1 

+  0.14 

52 

.lune  19.89 

1 

—0.42 

59 

Julv  21.05 

2 

—0.32 

60 

25.50 

2 

—0.31 
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Observed  Maxima. 

Observed 

Minima. 

E 

Camb.  M.T. 

Wt. 

O— C 

E 

Camb.  M.T. 

Wt. 

O— C 

59 

1886  July  22.42 

1 

— 0.01 

61 

1886  Aug.  30.63 

2 

+  0.39 

60 

27.28 

1 

+  0.41 

66 

21.71 

1 

+  0.28 

.61 

31.75 

2 

+  0.45 

67 

24.90 

1 

—0.96 

62 

4.42 

1 

—0.32 

73 

Sept.  21.38 

2 

—0.10 

65 

18.34 

1 

+  0.29 

74 

25.  is 

1 

—0.74 

66 

22.39 

2 

—0.10 

75 

29.72 

1 

—0.64 

67 

27.33 

1 

+  0.41 

76 

Oct.     4.76 

2 

—(1.04 

68 

Sept.    1.16 

1 

+  0.80 

77 

9.43 

1 

+  0.20 

72 

18.30 

1 

+  0.19 

80 

22.61 

2 

+  0.07 

75 

Oct.     1.64 

2 

+  0.22 

81 

26.56 

1 

—0.42 

76 

6.23 

1 

+  0.38 

83 

Nov.    4.27 

1 

—0.59 

78 

15.02 

1 

+  0.29 

84 

8.91 

2 

—0.38 

79 

19.36 

2 

+  0.20 

86 

18.02 

1 

—0.14 

80 

23.61 

2 

+  0.01 

87 

22.32 

1 

—0.28 

82 

Nov.    1.32 

1 

—0.16 

88 

27.12 

2 

+  0.08 

83 

5.87 

1 

—0.04 

89 

Dec.     1.26 

1 

—0.21 

85 

14.98 

2 

+  0.19 

90 

5.33 

1 

—0.58 

86 

lit. 70 

1 

+  0.48 

91 

9.84 

2 

—0.51 

87 

23.20 

1 

—0.46 

92 

14.26 

1 

—0.52 

88 

28.00 

1 

—0.10 

93 

18.75 

2 

— 0.4  7 

89 

Dec.    2.50 

2 

—0.03 

94 

22.87 

1 

— 0.79 

91 

11.29 

1 

—0.12 

95 

28.10 

2 

+  0.01 

92 

15.95 

1 

+  0.11 

97 

1887  Jan.     5.57 

1 

—0.40 

93 

20.23 

1 

—0.05 

98 

10.25 

1 

—0.15 

94 

25.27 

1 

+  0.55 

99 

14.26 

1 

—0.58 

96 

1887  Jan.     2.69 

2 

+  0.10 

100 

18.27 

1 

—1.01 

98 

11.46 

2 

0.00 

1 02 

27.2s 

1 

—0.87 

+  99 

16.25 

1 

+  0.35 

From  the  residuals  O — C  for  the  maxima,  using  the  indi- 
cated weights,  we  find,  by  the  method  of  least  squares,  the 
corrections    to   the   assumed    elements    and    their    probable 

errors. 

d  (I 

Correction  to  epoch   +0.114    ±0.048 
"  period  +0.43      ±  l".09 

The  probable  error  of  a  determination  of  a  single  maxi- 
mum of  weight  unity,  is  ±04.22,  or  one  of  weight  2,  is 
±0".16. 

l'n  ating  the  minima  in  the  same  way,  we  find 

d  .1 

Correction  to  epoch  —0.020    ±0.Q48 
"  period  —5.8       ±1.12 

The  probable  error  of  a  determination  of  a  single  minimum 
of  weight  unity,  is  ±0d.234,  or  of  weight  2,  is  ±0d.166. 

It  will  be  seen  that  the  correction  to  the  period  deduced 
from  the  maxima  is  much  smaller  than  its  probable  error. 
This  fact,  no  less  than  the  opposite  sign  of  this  correction 
when  deduced  from  the  mimima,  indicates  that  the  value  is 
not  trustworthy. 

The  light-scale  used  in  the  reduction  of  the  observations, 
and  in  the  formation  of  the  following  light-table,  is 

1855.0 
a  S 

h        m         6  o         t 

20  48  24  +27  30.0 

30  54  25  .",7.5 

31  38  31      1. 0  1 
31   39  31      1.0  [ 

CambridgejiD'i,  1888  January  20. 


a  =    DM. 

27  3911 

b   =      " 

25  4302 

c  =      " 

1  31  4159 

31  4160 

Light 

21.4 

19.0 

15.0 


1855.0 


O 

a 

8 

°      i 

Light 

c'  =  DM. 

31  4181 

20  35  11 

+  31   47.5 

13.1 

d  =      " 

29  4121 

33     1 

29  49.6 

9.3 

e    =      " 

27  3909 

48  13 

27  58.3 

1.8 

Mr.  Chandler  desires  me  to  say  that  the  places  of  these 
stars  on  page  2  of  Volume  VII  are  for  1855.0,  not  for  1885.0. 

The  form  of  the  light-curve  shows  clearly  that  only  the 
maxima  are  suited  for  the  sharp  determination  of  the  period, 
since  the  flatness  of  the  curve  near  minimum  precludes  any 
greal  precision  in  the  assignment  of  that  phase. 
Lioht  Table. 


Time  from  Max. 

d 

—1.35 

Light 

Time  from  Max. 

Light 

5.1 

+  1 .00 

12.4 

1.25 

5.2 

1.25 

10.7 

1.00 

5.5 

1.50 

8.8 

0.75 

7.2 

1.75 

7.4 

0.50 

10.4 

2.00 

6.5 

0.25 

16.4 

2.25 

5.9 

0.00 

17.6 

2.50 

5.5 

+  0.25 

17.0 

2.75 

5.2 

0.50 

15.4 

3.00 

5.1 

0.75 

L3.9 

3.10 

5.1 

The  large  negative  residuals,  shown  in  the  observations  of 
minimum,  would  indicate  that  the  increase  of  light  is  some- 
what less  rapid  than  found  by  Mr.  Chandler  from  his  obser- 
vations ;  in  tart,  the  light-curve  gives  the  duration  of  increase 
as  1.35  days,  and  that  of  decrease  3.10  days,  while  Mr. 
Chandleu's  results  were  1.060  days  and  3.337  days,  respec- 
tively. 
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OBSERVATIONS   OF   COMET   1888  a, 

MADE  AT  THE  D.S.  NAVAL  OBSERVATORY.  WITH  THE  9.G  INCH  EQUATORIAL 

By  Prof.   E.   FRISKY. 
[Communicated  by  the  Superintendent.] 


1888     Washington  M.T. 

* 

No. 
Comp. 

zla. 

* 

j8 

o/'s  apparent 
a                             8 

log 
for  a 

for  A 

d 

h         in        b 

in 

i    n 

h        in       s 

o          '          " 

March  17 

17  18  48 

21    16  32 

—14  47.1 

»9.598 

0.652 

18 

17   10  34 

1 

25  ,  5 

+  1    49.74 

—       20.0 

21    19  52.7 

—13  21  52.5 

d'.i.  633 

0.781 

29 

17   15  27 

2 

13  .  •". 

+  0     7.89 

+    7   15.8 

21    55    12.0 

+   0  48     3.6 

«9.607 

0.739 

30 

16  24     4 

3 

5  .  1 

+  7  .35.18 

+   4   22.0 

21   57  51.3 

+    1   54     7.3 

»9.643 

0.737 

30 

16  24     4 

4 

:,.! 

—3     4.61 

+   o  32.3 

21   57  51.7 

+    1   54     7.7 

.  ( 

l( 

30 

16  39   22 

5 

10  .  2 

+  4     7.14 

+  14     0.2 

21   57  53.7 

+    1  54  55.9 

U 

30 

16  39  22 

4 

10  .  2 

—3     2.72 

+    ]    19.0 

21   57  53.6 

+    1   54  53.9 

It 

U 

Mean   Places  for  188S.0  of  Comparison- Stars. 


*                     a 

Red.  to 
app.  place 

8 

Red.  to 

app.  place 

Authority 

1 
2 
3 

4 
5 

h       m        8 

21    18     4.19 
21  55     5.29 

21  49  57.15 

22  0  57.26 
21  53  47.55 

—  K25 
—1.16 
—1.01 
—1.05 

—1.02 

O           1             II 

—13  21    29.6 
+  0  40  55.5 
+    1   49  51.0 
+    1   53  42.0 
+   1  41     2.2 

—2.9 
— 7.7 
—6.4 
—6.6 

—  6.5 

;,(  Yamall  +  Gould),  18  Aquarii 
.',  ( Lamont+Weisse) 
J  (  Weisse  +  Lamout+2  Grant) 
£(Lamont+Bonn+2  Schj.) 
Bonn  VI.,  +1°.  4568 

The  observation  on  the  17th  was  an  instrumental  position,  and 
the  star  a  Aquarii  used  for  the  corrections  to  the  clock  and  position 
of  the  circle.  The  comparisons  were  made  upon  the  chronograph 
and  corrected  for  absolute  parallax  in  both  coordinates  —  all  agree- 
ing very  closely. 


On  the  18th,  the  comet    was  compared  with  F.  IS  Aquarii,  whose 
position  from  the  two  catalogues  agrees  within  0s. 03  and  0s. 1. 

Note.     Weisse's  place  for  the  comparison-star  No.  2  is  changed 
10-.  there  being  evidently  a  typographical  error. 


FILAR-MICRO M I :Ti:K  OBSERVATIONS  OF  COMET  1888<x, 


MADE    AT    THE    DUDLEY    OBSERVATORY, 

By  LEWIS  BOSS. 


1S88     Albany  M.T. 

* 

No. 

Comp. 

da 

-* 

^8 

#'S  a 
a 

iparent 

8 

log 

tor  a 

re9.595 

7i9.580 
7i9.596 

for  A 

h        m        s 

March    17  17  25  56 

24    17   23  25 
30  17     0  45 

1 
2 
3 

15  .  5 

21  .  7 
18  ,  6 

ID            S 

—2  37.45 
+  0  37.96 
—3     1.45 

f        n 

—1    19.0 
—2  20.9 
+  1   39.0 

h         in        5 

21   16  37.2 
21   39     9.3 

21  57  54.8 

O              1                 II 

—14  46  53.8 
—  5  17     3.6 
+    1  55   12.5 

0.817 
0.795 

0.769 

Mean    Places  for   1888.0   of   Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 

3 

h          m         s 

21    19  15.92 

21  38  32.42 

22  o  57.28 

— l~:;o 
—1.12 

—1.06 

o          f            it 

—14   45  32.2 

—  5  14  37.8 
+   1  53  40.2 

—2.6 
—6.7 

Gould  G.C.  29356. 

Yarnall  9497  and  Gould  G.C.  29744. 

Albany  Zones  (4  obs.) 

March  17,  Head  of  comet  a  bright  nebulous  mass,  about  10"  in 
diameter,  and  of  the  fifth  magnitude.  Daylight  illumination  of  the 
threads,  and  observation  very  sharp. 

March  24.  Total  light  of  head,  as  seen  without  telescope,  esti- 
mated to  be  one  magnitude  fainter  than   i  Aquarii.     Nucleus  sharp 


and  star-like,  and  of  sixth  magnitude.     Daylight  illumination  of 
threads. 

March  30.  Foggy.  The  comet  appears  a  full  magnitude  fainter 
than  the  star,  which  is  estimated  in  the  Albany  Zones  as  7M.2,  and 
in  the  DM.  as  7M.0. 
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COMET  1888  cl. 


An  orbit  and  ephemeris  for  this  comet,  computed  March 
21  by  Prof.  Boss,  from  Fini.ay's  observation  of  February 
18,  Muixer's  of  Marcb  13,  ami  his  own  of  March  17.  were 


published  and  circulated  as  a  Supplement  to  No.  168.  Their 
place  is  supplied  in  this  number  by  later  values,  deduced 
from  longer  and  more  convenient  intervals. 


ELEMENTS  AJST)  EPHEMERIS   OF   COMET   1888  a, 

By  LEWIS  BOSS. 


One  of  the  positions  used  in  my  calculation  of  the  elements 
of  Comet  1888a,  published  in  the  Supplement  to  this  Journal, 
No.  L68,  proved  to  be  in  error,  and  it  was  with  a  desire  to 
compute  an  improved  ephemeris  that  I  undertook  the  present 
calculation.  The  positions  here  used  are  :  Cape,  February  18, 
Albany.  March  17.  and  Albany,  March  30.  The  times  and 
positions  were  corrected  by  the  help  of  another  set  of  ele- 
ments, which  differed  very  little  from  those  here  presented. 
as  follows 

T=  L888  March  16.9588  G.M.T. 
co  =  359°  49'  16") 
Q,  =  245    30    29    I  Equinox  1888.0 
i=    42    16    50    \ 
log  q  —  9.84450 
The  comparison  with  the  place  of  March  17  gave  : 
(C— O)      A;,  cos  §  =  +53"  ;     Ap'  =  — 1".0 
As  the  theoretical  ratio  of  these  differences  is  — 49.67,  it 
is  evident  that  the  value  of  the  ratio  of  geocentric  distances 
adopted  in  the  calculation,  must  have  been  very  nearly  cor- 
rect.    In  fact,  a  repetition  of  the  calculation  of  this  quantity, 
using  the  above  elements,  gave  a  result  differing  only  by  2  in 
the  sixth  place  of  decimals  from  that  which  has  been  adopted. 
I  find  the  following  differences  (C — O)  between  an  ephemeris 
computed  from  these  elements  and  the  observations  cited. 

University  of  Virginia,  March  16.9 

Albany,  I7.;i 

Washington,  18.9 

Albany,  24.9 

This  appears  to  substantiate  the  corrections  of  the  obser- 
vations of  March  17  and  March  30,  leaving  that  of  the  (ape. 
February  18,  in  question.     Unless  there  is  a  large  error  in 

Albany,  1888  April  2. 


6a 

AS 

+  51" 

+    2" 

+  53 

+  15 

+  54 

+  18 

+  28 

+   6 

this  position,  I  should  be  disposed  to  attribute  these  residual 
differences  from  calculation  to  the  variation  of  the  comet's 
trajectory  from  the  parabolic  form. 

Following  are  the  equations  of  the  comet's  coordinates. 
x  =  r  9.898002  sin  (328°   11'  56"+«) 
y  =  r  9.999677  sin  (236    29      4  +v) 
z  =  /•  9.787775  sin  (323    38      1  +r) 

I  suspect  that  the  comet  will  show  greater  right-ascensions 
aud  declinations  by  observation  than  those  predicted  in  the 
following 


April 


Mav 


Ephemeris  for 

Qreenwk  h 

Midnight. 

App.  E.A. 

App.  Dec. 

log.  r 

log.  A 

6 

22 

17  55.7 

+   8  49  58 

9.91056 

0.08802 

8 

22 

2.". 

51.0 

lo  43  36 

9.92156 

0.09766 

10 

22 

29 

41.3 

12  31  ■>:> 

1287 

0.10714 

12 

22 

35 

26.5 

14   15   10 

;i.:i4439 

0.11646 

14 

22 

41 

6.3 

15  53  35 

9.95606 

0.12560 

16 

22 

46 

40.7 

17   27   26 

9.96778 

0.13453 

18 

22 

52 

9.3 

18  56  56 

9.97952 

0.14326 

20 

22 

57 

32.0 

20  22  2() 

9.99121 

0.15176 

22 

2.". 

2 

4.^.7 

21   43  53 

0.00283 

0.16004 

24 

23 

7 

59.5 

23     1  50 

"."1433 

0.16810 

26 

23 

13 

4.2 

24   16  22 

0.02570 

0.17 

28 

23 

18 

2.8 

25   27  44 

0.03691 

0.18352 

30 

23 

22 

55.3  . 

26  36     5 

im'4796 

0.19088 

2 

23 

27 

41.7 

27   41   38 

0.05881 

0.19801 

4 

23 

32 

21.7 

28  44  33 

0.06'.'  1* 

0.20492 

6 

23 

36 

56.0 

29  45     3 

0.07995 

0.21158 

8 

2.", 

41 

23.8 

3ii  43  12 

0.09022 

0.21803 

10 

•2:', 

15 

45.4 

31    39    12 

(t.  10030 

0.22426 

12 

2.", 

50 

0.8 

32  33   10 

0.1KU7 

0.23027 

14 

23 

5  1 

9  7 

33  25   14 

0.11984 

0.23606 

16 

23 

58 

12.3 

34    15   2'.' 

0.12931 

0.24164 

18 

0 

2 

8.6 

3.5      4      2 

0.13859 

0.24701 

20 

0 

5 

5S.7 

35  50  59 

0.14768 

0.25219 

CORRIGENDA. 


No.  168,  page  191.     The  reductions  to  apparent  place,  for  a  of  the  comparison-stars,  should  be    —  Is. 3S.  — l'.oS,  —  P.30;    and  corres- 
ponding changes  should  be  made  in  the  apparent  right-ascensions  of  the  comet. 
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No. 

Date. 

Decl. 

Equations. 

Resid. 

i 

Jan.       1 

2o!'69 

sc — 0  : 

—0.0912  —0.45  =  o—  0.42 

2 

13 

20.48 

_o 

—0.27.")   —0.24  =  0  —0.23 

3 

15 

20.24 

—0.816 

—0.304        0.00=0      0.00 

4 

22 

19.97 

—0.77:; 

—0.404    +0  27  =  0+0.26 

5 

24 

20.22 

—0.758 

—0.432    +o.ii2  =  (i+0.00 

6 

25 

20.34 

—0.751 

—0.445    —0.1o=  0 

—0.12 

7 

26 

20.05 

—o  7-13 

—0.458    +0.19  =  0 

+  0.17 

8 

28 

20.15 

—0.727 

—0.485    +0.09  =  0 

+  0.06 

9 

Feb.      4 

20.15 

—0.663 

—0.572    +0.09  =  0+0.05 

in 

9 

20.30 

—0.612 

—0.630   —0.06  =  0—0.11 

11 

23 

li». 77 

—0.444 

—0.761    +0.47  =  0+0.39 

l-.- 

25 

20.18 

—0.417 

—0.776    +0.06  =  0—0.03 

lS 

26 

20.03 

—11.404 

—0.783    +0.21  =  0+0.12 

14 

Mar.      1 

19.65 

—0.349 

—0.810    +0.59  =  0+0.49 

15 

3 

19.80 

—0.321 

—0.822    +0.44  =  0+0.34 

16 

6 

19.96 

—0.278 

—0.837    +0.28  =  0+0.18 

17 

11 

19.84 

—0.205 

—0.858    +0.40  =  0+0.29 

18 

13 

20.32 

—0.176 

—0.865    —  0.08  =  O—0.20 

111 

May      9 

20.20 

+  0.622 

—0.633    +0.04  =  0—0.10 

20 

19 

20.19 

+0.721 

—0.522    +0.05  =  0—0.09 

21 

20 

20.25 

+0.730 

—0.509   —0.01=0—0.15 

22 

22 

20.54 

+  0.747 

—0.486   —0.30  =  0—0.43 

23 

30 

20.24 

+  0.807 

—0  383        0.00  =  0—0.12 

24 

31 

19.93 

+  0.813 

—0.369    +0.31=0+0.1!) 

25 

June     3 

20.60 

+  0.832 

—0.329    —0.36  =  0—0.48 

26 

7 

20.52 

+0.852 

—0.274    —0.28  =  0—0.39 

27 

12 

20.36 

+  0.873 

—0.203   —0.12  =  0—0.23 

28 

13 

19.64 

+0.876 

—0.189    +0.60  =  0+0.50 

29 

15 

20.43 

+0.882 

—0.160   —0.19  =  0—0.29 

30 

16 

20.50 

+0.885 

—0.146   —0.26  =  0—0.36 

31 

17 

20.05 

+  0.887 

—0.131    +0.19  =  0+0.10 

32 

20 

19.99 

+  0.893 

—0.087    +0.25  =  0+0.16 

33 

22 

20.22 

+0.895 

—0.058    +0.02  =  0—0.07 

34 

24 

20.19 

+0.897 

—0.02:'    +0.05  =  0—0.04 

35 

27 

19.93 

+0.898 

+0.015    +0.31=0+0.23 

36 

30 

20.37 

+0.895 

+0.059   —0.13  =  0— .020 

37 

Julv       4 

19.89 

+  0.890 

+  0.117    +0.35  =  0+0.28 

38 

5 

20.48 

+0.887 

+  0.132   —0.24  =  0—0.30 

No. 

Date. 

Decl. 

Equations 

Resid. 

39 

Julv      6 

20.17 

*+0.886i 

+0.1472 

+  0.07  =  0 

+o'.'oi 

40 

8 

19.98 

+0.879 

+  0.175 

+  0.26  =  0+0.20 

41 

9 

L9.88 

+  0.877 

+0.189 

+  0.36  =  0+0.30 

12 

11 

20.64 

+0.870 

+  0.218 

— 0.40  =  01— 0.45 

43 

15 

20.04 

+0.853 

+0.274 

+  0.20  =  0+0.16 

44 

16 

19.93 

+  0.849 

+0.288 

+0.31=0+0.27 

45 

22 

19.95 

+  0.814 

+  0.37O 

+  0.20  =  0  +0.26 

46 

23 

20.28 

+  0.808 

+  0.383 

—0.04  =  0—0.07 

47 

25 

20.28 

+  0.7;i5 

+  0.4O0 

—0.04  =  0  —0.06 

1    48 

27 

20.33 

+  0.780 

+  0.435 

—0.00  =  0—0.11 

49 

28 

20.24 

+0.773 

+0.448 

0.00  =  0—0.02 

50 

30 

20.09 

+  0.757 

+  0.4  7." 

+  0.15  =  ii  +0.14 

.",1 

Aug.      1 

20.08 

+  0.74O 

+0.497 

+  0.16  =  0  +0.15 

52 

3 

20.36 

+  0.722 

+  0.522 

—0.12  =  0—0.12 

53 

5 

20.2:1 

+  0.705 

+  0.545 

—0.05  =  0—o.o5 

54 

9 

20.41 

+  0.666 

+  0.590 

—0.17  =  0—0.16 

55 

10 

20.30 

+0.655 

+  0.601 

—0.06  =  0—0.05 

56 

12 

19.99 

+0.635 

+0.623 

+  0.25  =  0  +0.26 

57 

15 

20.02 

+  0.601 

+  0.653 

+  0.22  =  0  +0.2  t 

58 

23 

20.71 

+  0.507 

+  0.727 

—0.47  =  0—0.43 

59 

30 

20.33 

+  0.417 

+  0.781 

—0.09  =  0 

—0.04 

60 

Aug.  31 

19.69 

+  0.404 

+  0.788 

+  0.55  =  0 

+  0.61 

61 

Sept.     2 

20.56 

+  0.376 

+  0.800 

—0.32  =  0 

—0.26 

62 

10 

20.11 

+  0.264 

+0.843 

+  0.13  =  0 

+  O.211 

63 

13 

20.2.". 

+  0.220 

+  0.856 

+  0.01=0 

+  0.09 

64 

17 

20.15 

+0.161 

+  0.868 

+  0.09  =  0 

+  0.17 

65 

20 

20.2.". 

+  0.116 

+  0.875 

+  0.01=0 

+  0.10 

66 

27 

20.24 

+  0.010 

+  0.883 

0.00  =  0 

+  0.10 

67 

Oct.       7 

20.20 

—0.140 

+0.872 

+  0.04  =  0 

+  0.14 

68 

10 

20.53 

—0.185 

+  0.864 

—0.29  =  0 

—0.18 

69 

11 

20.18 

—0.200 

+  0.860 

+  0.06  =  0 

+  0.17 

70 

13 

20.17 

—0.230 

+  0.852 

+  0.07  =  0 

+  0.18 

71 

14 

20.32 

—0.244 

+0.849 

—0.08  =  0 

+0.03 

72 

17 

20.11 

—0.287 

+0.834 

+0.13  =  0 

+  0.24 

73 

18 

20.29 

—0.301 

+  0.820 

—0.05  =  0 

+  0.06 

74 

19 

20.29 

—0.315 

+0.824 

—0.05  =  0 

+  0.06 

75 

21 

20.10 

—0.343 

+  0.812 

+  0.14  =  0 

+  0.25 

76 

Oct.    25 

20.; 32 

—0.398 

+  0.787 

—0.08  =  0 

+  0.03 

10 
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No. 

Date. 

Decl. 

Equations. 

Resid. 

77 

Oct. 

28 

20.51 

x— 0.4381/ 

+  0.765z 

—0.27  =  0 

—0.16 

7.s 

Nov. 

1  20.27 

—0.490 

+  0.7:12 

—0.03  =  0 

+  0.08 

79 

5  20.67 

—6.539 

+0.696 

—0.43  =  0 

—0.32 

80 

in 

20.46 

—0.596 

+  0.645 

—0.22  =  0 

—0.11 

81 

11 

20.35 

—0.607 

+  0.635 

—0.11=0 

0.00 

82 

14 

i'ii.  71 

—0.639 

+  0.602 

—0.47  =  0 

—0.36 

83 

23 

20. G3 

—0.723 

+  0.493 

—0.39  =  0 

—0.29 

84 

24 

20.38 

—0.731 

+  0.479 

—0.14  =  0 

—0.04 

85 

28 

20.49 

— 0.7C3 

+  0.420 

—0.25  =  0 

—  0.16 

86 

29 

20.49 

—0.770 

+  0.412 

—0.25  =  0 

—0.16 

87 

30 

20.43 

—0.777 

+  0.398 

—0.19  =  0 

—0.10 

88 

Dec. 

12 

20.71 

—0.841 

+  0.223 

—0.47  =  0 

—0.40 

89 

23 

20.60 

—0.867 

+  0.054 

—0.36  =  0 

—0.31 

90 

29 

19.81 

—0.867 

—0.041 

+  0.43  =  0 

+  0.47 

1865. 


No. 

Date. 

Decl. 

Equations. 

Resid. 

1 

Jan.      3 

it 
51.19 

x — 0.858i/  —0.134?  +0.03  =  0 

+  o'.'l9 

2 

4  51.53 

—0.855    —0.149    —0.31=0—0.15 

3 

1051.73 

—0.835    —0.241    —0.51  =  0—0.34 

4 

11  51.41 

—0.831     —0.256    —0.19  =  0 

—0.02 

5 

12  51.19 

—0.826    —  0.271    +0.03  =  0 

+  0.2U 

6 

15  51.49 

—0.811    —0.322    —0.27  =  0 

—0.10 

7 

19  51.20 

—0.788    —0.372    +0.02  =  0 

+  0.19 

8 

27  51.65 

—0.729    —0.482    —0.43  =  0 

—0.26 

9 

Feb.    12  51.26 

—0.569    —0.668    —0.04  =  0 

+  0.11 

10 

13  51.20 

—0.558    —0.678    +0.02  =  0 

+  0.17 

11 

19  51.46 

—0.485    —0.734    —0.24  =  0 

—0.10 

12 

20  51.18 

—0.472     —0.742    +0.0-1  =  0+0.18 

13 

26  51.40 

_0.393    —0.788   —0.18  =  0—0.05 

14 

Mar.      5  51.22 

—0.296    —0.831        0.on  =  (i+0.12 

15 

i;  51.30 

_0.281     —0.836   —0.08  =  0+0.04 

16 

in 

50.95 

—0.223    —0.854    +0.27  =  0+0.38 

17 

12 

51.20 

—0.194     —0.861     +0.02  =  0+0.12 

18 

16 

50.80 

—0.134     —0.872    +0.42  =  0 

+  0.51 

19 

17 

50.99 

—0.119    —0.874    +0.23  =  0 

+  0..-.2 

20 

20 

51.08 

—0.074    —0.879    +0.14  =  0 

+  0.22 

21 

Apr.      7 

50.86 

+  0.197    —0.860    +0.36  =  0 

+  0.39 

22 

May      7 

51.04 

+  0.597     —0.656    +0.18  =  0 

+  0.13 

23 

14 

51.40 

+  0.671     —0.582    —0.18  =  0 

—0.25 

24 

16 

51.29 

+  0.691     —0.559    —0.07  =  0 

—0.14 

25 

2  1 

51.19 

+  0.761    —0.463    +0.03  =  0 

—0.06 

26 

30 

51.28 

+  0.805    —0.386    —0.06  =  0—0.17 

27 

31 

51.24 

+  0.812    —0.373    —0.02  =  0—11.1.". 

28 

June     2 

51.26 

+  0.824    —0.346    —0.04  =  0—0.15 

29 

7 

51.57 

+  0.851     —0.277    —0.35  =  0—0.47 

30 

9 

50.95 

+  0.860    —0.219    +0.27  =  0+0.14 

31 

11 

51.27 

+  0.868    —0.221    —0.05  =  0 

-0.18 

32 

18 

51.22 

+0.889    —0.120        0.00  =  o 

—0.14 

33 

22 

51.45 

+0.895    —0.062   —0.23  =  0 

—0.38 

34 

23 

51.32 

+  0.896    —0.047    —0.10  =  0 

—0.25 

35 

28 

51.25 

+  0.897     +0.034    —0.03  =  0 

—0.18 

36 

July      3 

51.24 

+  0.892     +0.099   —0.02  =  0 

—0.18 

37 

5 

51.13 

+  0.888     +0.128    +0.09  =  0 

—0.07 

1865. 


No. 

Date. 

Decl. 

Equations. 

Resid. 

38 

July      6 

51.15 

x  +O.8862/ 

+  0.143z  +0.07  =  0 

11 
—0.09 

39 

7 

51.40 

+  0.883 

+  0.157 

—0.18  =  0 

—0.34 

40 

14 

50.91 

+  0.858 

+  0.257 

+  0.31  =0 

+  0.15 

41 

18 

51.11 

+  0.839 

+  0.312 

—0.19  =  0—0.35 

42 

20 

.".1.2'.i 

+  0.828 

+  0.339 

—0.07  =  0—0.23 

43 

25 

50.84 

+  0.796 

+  0.406 

+  0.38  =  0  +0.22 

44 

26 

5(1.9.". 

+  0.789 

+  0.419 

+  0.29  =  0  +0.13 

45 

28 

50.98 

+  0.774 

+  0.444 

+  0.24  =  0  +0.08 

46 

Aug.     7 

50.98 

+0.687 

+0.565 

+  0.24  =  0  +0.08 

47 

8 

50.87 

+  0.678 

+  0.576 

+  0.35  =  0+0.19 

48 

11 

50.59 

+  0.647 

+  0.609 

+  0.63  =  0+0.48 

19 

16 

50.73 

+  0.593 

+  0.660 

+  0.49  =  0|  +  0.34 

50 

Sept.      2 

50.53 

+  0.379 

+  0.7:i9 

+  0.69  =  0  +0.57 

51 

6 

50.82 

+  0.324 

+0.822 

+  0.40  =  0+0.29 

52 

11 

51.18 

+  0.2.".2 

+  0.846 

+  0.04  =  0 

—0.06 

53 

12 

.".11.99 

+  0.238 

+  0.850 

+  0.23=0  +0.13 

54 

16 

.".n.s.-, 

+  0.179 

+  0.864 

+  0.37  =  0  +0.28 

55 

19 

5(1.97 

+  0.184 

+  0.872 

+  0.25  =  0  +0.17 

56 

20 

50.99 

+  0.119 

+  0.875 

+  0.23  =  0+0.15 

57 

Oct.    20 

51.34 

—0.326 

+  0.819 

—0.12  =  0—0.12 

58 

21 

50.88 

—0.340 

+  0.814 

+  0.34  =  0  +0.34 

59 

Nov.     1 

50.86 

—0.486 

+  0.734 

+  0.36  =  0+0.39 

60 

6 

51.09 

—0.547 

+  0.688 

+  0.13  =  0+0.18 

61 

8 

51.(13 

—0.570 

+  0.668 

+  0.19  =  01  +  0.24 

62 

9 

51.68 

—0.582 

+  0.658 

—0.46  =  0—0.40 

63 

10 

51.30 

—0.593 

+  0.648 

—0.08  =  0'— 0.02 

64 

11 

51.14 

—0  604 

+  0.637 

—0.22  =  0—0.16 

65 

13 

.".  1 . .".  7 

—0.625 

+  0.615 

—0.35  =  0—0.28 

66 

14 

51.52 

—0.636 

+  0.604 

—0.30  =  0—0.23 

67 

16 

51.47 

—0.656 

+  0.581 

—0.25  =  0—0.18 

68 

17 

51.38 

—0.666 

+0.570 

—0.16  =  0—0.08 

69 

25 

51.46 

— (i.7."7 

+  0.469 

—0.24  =  0—0.11 

70 

28 

51.63 

—0.760 

+0.429 

—0.41  =0—0.31 

71 

Dec.      2 

.".1.:;.-, 

— 0.788 

+  0.374 

—0.13  =  0—0.02 

72 

8 

51.74 

—0.822 

+0.287 

—0.52  =  0  —0.40 

73 

14 

51 ..VI 

—0.847 

+  0.l:i7 

—0.32  =  0—0.18 

74 

16 

51.21 

—ii.s.",:; 

+  0.166 

+  11.01  =u  +H.15 

75 

22 

51.86 

—0.865 

+  0.(173 

—0.64  =  0—0.49 

76 

23 

51.48 

—0.866 

+  0.058 

—0.26  =  0—0.11 

1866-1867. 


No. 

Date. 

Decl. 

Equations. 

Resid. 

1866 

if 

11 

11 

1 

Jau .      3 

51.84 

x—  0.858*/ 

—0.1302 

—0.55  =  0—0.47 

2 

7 

51.96 

—0.847 

—0.191 

—0.67  =  0—0.58 

3 

8 

51.88 

—0.844 

—0.207 

—0.59  =  0—0.50 

4 

21 

51.52 

—0.776 

-0.397 

—0.23  =  0—0.11 

5 

■31 

51.60 

—0.696 

—0.530 

—0.31  =  0—0.18 

6 

Feb.      1 

51.71 

—0.687 

— 0.54  2 

—0.42  =  0—0.28 

7 

4 

51.68 

—0.658 

—0.578 

—0.39  =  0—0.25 

8 

5 

51.49 

—0.648 

—0.590 

—0.20=0—0.06 

9 

14 

51.68 

—0.549 

—0.686 

—0.39  =  0—0.24 

10 

15 

52.07 

—0.537 

—0.696 

—0.78=0—0.63 

11 

16 

50.96 

—0.525 

—0.705 

+  0.33  =  0+0.48 

12 

19 

51.37 

—0.488 

—0.732 

—0.08  =  0+0.07 
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1866-1867. 

1866-1867. 

No. 

Date. 

Decl. 

Equations. 

Resid. 

No. 

Date. 

Decl. 

Equations. 

Resid. 

13 

1866 

Feb.    20 

n 
51.16 

x — 0.475;/ 

—0.7412  +0.13=0 

+0  29 

60 

1866 

Aug.    17 

ii 
51.10 

x+%.684y 

+  0.6672  +0.19  =  0 

+  o'.02 

14 

21  51.20 

—0.463 

—0.749    +0.09  =  0 

+  0.24 

61 

18 

51.28 

+  0.573 

+  0.677    +0.01=0 

—0.16 

15 

25  51.71 

—0.4  10 

— 0  780    —0.42  =  0 

—  0.27 

62 

20 

50.96 

+  0.549 

+  0.696    +0.33  =  0 

+  0.16 

16 

Mar.     5  51.15 

—0.299 

—0.830    +0.14  =  0 

+  0.29 

63 

23 

51.48 

+  0.513 

+  0.722    —0.19  =  0 

—0.36 

17 

7  51.45 

—0.271 

— 0..S40    —0.16  =  0 

—0.01 

64 

30 

50.90 

+0.423 

+  0.777    +0.39  =  0 

+  0.22 

18 

8  51.31 

—0.256 

—0.844    —o.O2  =  0 

+  0.13 

65 

Sept.  22 

50.56 

+  0.093 

+0.878    +0.73  =  0 

+  0.57 

19 

9  51.68 

—0.242 

—0.849    —0.39  =  0 

—0.24 

66 

24 

51.04 

+  0.063 

+0.880    +0.25  =  0 

+  0.09 

20 

14  51.47 

—0.168 

—0.866   —0.18=0 

—0.03 

67 

27 

51.26 

+  0.017 

+  0.882    +0.03  =  0 

—0.13 

21 

1651.38 

—0.138 

—0.872    —0.09  =  0 

+  0.06 

68 

Oct.      3 

50.79 

—0.073 

+  0.880    +0.50  =  0 

+  0.35 

22 

21  50.83 

—0.063 

— o.sso    +0.46  =  0 

+  0.60 

69 

4 

5  i.O  4 

— O.OSS 

+  0.878    +0.25  =  0 

+  0.10 

23 

25 

51.5s 

—0.1  MIL' 

—0.883    —0.29  =  0 

-  0.15 

7o 

5 

51.25 

—0.103 

+  0.877    +0.04  =  0 

—0.11 

24 

26 

51.59 

+  0.013 

_0.883    —0.30  =  0 

—0.17 

71 

6 

51.14 

—0.118 

+  0.876    +0.15  =  0 

0.00 

25 

27  51.37 

+0.028 

—0.880    —0.08  =  0 

+0.05 

72 

8 

5o. m; 

—0.133 

+0.873    +0.43  =  0 

+  0.28 

26 

April     151.27 

+  0.104 

—0.877    +0.02  =  0 

+  0.15 

73 

15 

51.1  3 

—0.251 

+  0.846    +0.16  =  0 

+  0.03 

27 

951.67 

+0.223 

—0.854    —0.38  =  0 

—  0.27 

74 

16 

51.47 

—0.266 

+0.841    —0.18  =  0 

—0.31 

28 

24  51.06 

+  0.434 

—0.770    +0.23  =  0 

+  0.31 

75 

17 

51.22 

—0.280 

+  0.837    +0.07  =  0 

—0.06 

29 

May      6  51.18 

+0.582 

—0.668    +0.11=0 

frO.16 

76 

19 

50.98 

—0.309 

+  0.826    +0.31  =  0 

+  0.19 

30 

12 

51.50 

+  0.6  is 

—0.607    —0.21  =0 

— 0.17 

77 

23 

50.94 

—0.364 

+  0.803    +0.35  =  0 

+  0.24 

31 

14 

51.01 

+  0.669 

—0.585    +0.28  =  0 

+  0.31 

78 

Nov.     2 

51.05 

—0.496 

+  0.727    +0.24  =  0 

+  0.15 

32 

19 

50.72 

+  0.716 

—0.528    +0.57  =  0 

+  0.59 

79 

6 

51.22 

—0.544 

+  0.691    +0.07  =  0 

—0.01 

33 

21 

51.23 

+  0.734 

—0.504    +0.06  =  0 

+  0.07 

80 

13 

51.31 

—0.623 

+  0.618   —0.02  =  0 

—0.08 

34 

22 

51.14 

+  0.743 

—0.491    +0.15  — 0+0.16 

81 

21 

51.22 

—0.710 

+  0.512    +0.07  =  0 

+  0.03 

35 

24 

51.41 

+  0.759 

—0.467   —0.12  =  0]— 0.11 

82 

22 

50.72 

—0.719 

+  0.499    +0.57  =  0 

+0.53 

36 

29 

51.40 

+  0.797 

—0.402    —0.11  =0—0.12 

83 

27 

50.80 

—0.751 

+  0.446    +0.49  =  0+0.47 

37 

June    11 

51.33 

+0.867 

—0.224    —0.04  =  0—0.08 

M 

Dec.     3 

51.09 

—0.793 

+  0.363    +0.20  =  01  +  0.19 

38 

19 

51.1  5 

+0.890 

—0.109    +0.14  =  0+0.07 

85 

5 

51.22 

—0.805 

+  0.334    +0.07  =  0+0.07 

39 

20 

51.10 

+0.892 

—0  095    +0.19  =  0  +0.12 

86 

10 

51.29 

—0.830 

+  0.261        0.00  =  0—0.01 

40 

21 

51.25 

+0.894 

—0.080    +0.04  =  0—0.02 

87 

12 

51.56 

—0.839 

+  0.231    —0.27=0—0.25 

41 

23 

51.22 

+0.896 

—0.051     +4.07  =  0—0.01 

88 

19 

51.01 

—0.860 

+  0.124    +0.2S  =  0+0.32 

42 

25 

51.11 

+0.897 

—0.022    +0.18  =  0+0.10 

89 

20 

51.46 

—0.862 

+  0  108    —0.17  =  0—0.13 

43 

:iii 

51.69 

+0.896 

+  0.052    —0.10  =  0 

-  0.49 

90 

28 

51.35 

—0.868 

—0.017   —0.06  =  0      0.00 

44 

July      2 

51.23 

+0.894 

+  0.081     +0.06  =  0 

—0.03 

91 

1867 

Jan.       3 

50.55 

—0.859 

—0.126    +  0.74  =  o'  +  0.82 

45 

5 

51.38 

+  0.889 

+  0.124    —0.09  =  0 

—0.19 

92 

11 

51.63 

—0.833 

—0.248   —0.34  =  0  —0.24 

46 

7 

51.09 

+0.884 

+  0.153    +0.20  =  0 

+  0.09 

93 

14 

51.58 

—0.819 

—0.293    —0.29=0—0.19 

47 

11 

51.52 

+0.871 

+  0.211    —0.23  =  0—0.35 

94 

16 

51.56 

—0.809 

—0.322    —0.27  =  0—0.16 

48 

12 

51.15 

+0.868 

+  0.225    +0  14  =  0+0.02 

95 

17 

52.20 

—0.803 

_0.337   —0.91  =  0—0.85 

49 

13 

51.13 

+0.864 

+  0.239    +0.16  =  o 

+  0.04 

96 

22 

51.57 

—0.771 

—0.408   —0.28  =  0—0.16 

50 

14 

51.39 

+  0.859 

+  0.253    —0.10  =  0 

— o  22 

97 

23 

51.34 

—0.764 

—0.421    —0.05=0+0.07 

51 

16 

51.54 

+0.850 

+  0.281    —0.25  =  0 

—0-38 

98 

28 

52.11 

—0.725 

_0.488   —0.82  =  0—0.69 

52 

23 

51.32 

+  0.811 

+0.376    —0.03  =  0 

—  0.17 

99 

Feb.      6 

51.11 

—0.640 

—0.598    +0.18  =  0+0.32 

53 

26 

51.69 

+  0.791 

+  0.416    —0.40  =  0 

— 0 .54 

100 

10 

51.24 

—0.598 

—0.643    +0.05  =  0+0.19 

54 

27150.91 

+0.783 

+  0.429    +0.38  =  0 

+  0-24 

101 

11 

51.29 

—0.586 

—0.653        0.00  =  0+0.14 

55 

3151.48 

+  0.752 

+  0.479    —0.19  =  0 

—0-34 

102 

17 

51.33 

—0.516 

—0.712    —0.04=0  +0  11 

56 

Aug.     6  51.12 

+0.699 

+  0.551    +0.17  =  0 

+  0.01 

103 

26 

51.22 

—0.400 

—0.785    +0.07  =  0+0.21 

57 

1050.95 

+  0.660 

+  0.595    +0.34  =  0 

+  0-18 

104 

27 

50.91 

—0.386 

—0.792    +0.38  =  0  +0.53 

58 

15 

51.16 

+  0.607 

+  0.648    +0.13  =  0 

—0.04 

105 

Mar.    29 

50.97 

+  0.055 

—0.881    +0.32  =  0  +0.45 

59 

16 

51.18 

+  0.596 

+  0.658    +0.11=0 

—0.06 

106 

April    2 

51.47 

+  0.115 

—0.876    —0.18  =  0 

—0.06 

§  5.  These  equations  have  been  solved  by  dividing  them 
into  groups,  according  to  the  years,  and  giving  the  weight 
unity  to  each  observation.  In  this  manner  the  direct  so- 
lution furnishes  the  following  normals  and  values  of  the 
unknown  quantities  : 

1862.     93  Observations. 

+  93.0000.a;  +23.7970.?/  +15.7450.2  +0.7300  =  0. 
+  23.7970.3!  +38.9906.?/  —  7.7521.2  —2.7212  =  0. 
+  15.7450.3!  —  7.7521.?/  +34.7024.Z  +3.0078  =  0. 

[tin]  =  6.2589 


3!=  —0.013 
y=  +0.065 
z  =  —0.066 

r,  =  ±  0".173 


0.0197 
0.0323 
0.0327 


[mm. 3] 


1863.    .71  Observations. 

+  71.0000.3-  —  9.4174.?/  —  2.4722.2  —0.2800: 

-  9.4174.3!  +25.3268.?/  —  5.2638.2  +3.7929 

—  2.4722.3!  —  5.2638..?/  +29.7865.2  —5.8619 

[nn] 


5.875 
5.893 


0. 
0. 
0. 
:  5.3464 
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x  =  —0.005  ±0.0197 
y  =—0.115  ±0.0336 
2  =  +0.176  ±0.0302 

[nn.3]  =  3.879 
/-,  =  ±0".161  2pv*  =  3.881 

1864.     90  Observations. 

+90.0000.0!  +11.5040.!/  +15.3720.2  +0.4100  =  0. 
+  11. 5040.x  +  40.8390.?/  +  3.3503.3  +2.7288  =  0. 
+  15.3720.a;  +   3.3503.?/   +29.7233.2  —3.3133  =  0. 

[»n]  =  5.7433 

x  =  —0.017  ±0.0 is.". 
y  =  —0.073  ±0.0261 
z—  +0.129   ±0.0314 

[nn.3]  =5.112 
>-,=  ±i)".n;i  Zpv*  =  5.113 

1865.     76  Observations. 

+  70. 0000.x  +  0.6770.;/  +  4.1200.2  +0.0900  =  0. 
+  0.6770.x  +34. 6235.  y  +  0.4682.2  +6.0334  =  0. 
+   4.1200.x  +   0.4682.?/   +24.6637.2   +1.9132  =  0. 

[».»]  =  5.7433 

.?•  =  +o'o04  ±o''l94 
y  =  —0.173  ±0.286 
2  =  —0.075  ±0.341 

[nn  3]  =  4.55 1 
r,  =  ±0".168  2pu2  =  4.553 

1866-67.     106  Observations. 

+  106. 0000.x   —  3.7590.?/  —  7.4160.2  —0.3600  =  0. 

—  3. 751)0. x  +42.7962.2/   +    7.2235.2   +4.6287  =  0. 

—  7.4160.x  +   7.2235.1/  +39.8050.2  +7.1038  =  0. 

[nn]  =  10.3439 

x  =  —0.011  ±0.0193 
y  =  —0.081  ±0.0306 
2  =  —0.166  ±0.0312 

Astronomer 
Brinkley 
Pond 

Airy 

Airy 

W.  Struve 

C.  A.  F.Peters 

O.  Struve 

Johnson 

Briinnow 

Briinnow 

Hall 

The  values  of  parallax  by  tlie  differential  method  are  in 
good  agreement,  but  the  weak  point  is  that  most  of  them  de- 
pend on  the  same  star  of  comparison.  Of  the  absolute  de- 
terminations, that  by  Peters  is  the  only  one  to  which  much 
weight  can  be  attached.  For  use  in  the  preceding  equations 
I  adopt  the  value  +0".15.     Substituting  this  value  for  y  in 


>\  =  ±0".197 


[nn.3]  =  8.795 
Zpv2  =  8.793 


It  will  be  seen  from  the  values  of  y  that  the  parallax  of 
the  star  has  a  negative  value  for  each  of  the  years  except 
1 862.      The  mean  values  of  y  and  2  by  weight  are  as  follows  : 

y  =  —  0".079     ±o".0134 
2  =  +0  .0055  ±0  .0142 

As  the  assumed  value  of  the  constant  of  aberration  was 
20". 4451,  we  have  as  the  direct  result  of  the  436  observa- 
tions, 

Constant  of  aberration  =  20". 4506  ±0".0142. 

The  average  probable  error  of  a  single  observation  is  ±0".174. 

5)6.  Since  the  method  of  observing  on  the  prime  vertical 
should  give  the  absolute  parallax  of  the  star,  the  negative  re- 
sult indicates  some  abnormal  error  in  the  declinations  which 
has  vitiated  the  parallax.  In  order  to  show  the  dependence 
of  the  result  for  aberration  on  the  parallax  of  the  star.  I 
have  made  an  indirect  solution,  expressing  z  in  terms  of  y. 
We  have 

+0.3678.Z/  —  n"0900  ±0.03440 
+  0.1883.t/  +0.1977  ±0.03089 
—0.0511.2/  +0.1249  ±0.03146 
—0.0176.2/— 0.0781  ±0.03409 
—0.1772.2/— 0.1805  ±0.03121 

These  equations  show  that  the  determination  of  z.  or  the 
correction  for  the  constant  of  aberration,  is  nearly  indepen- 
dent of  .'/.  the  parallax  of  the  star. 

a  Lyrae  is  one  of  the  stars  most  frequently  observed  for 
annual  parallax.  The  following  is  a  collection  of  the  values 
found  by  different  observers  since  accurate  observations  have 
been  made. 


1862 

2    = 

1863 

2    = 

1864 

2    = 

1865 

2    = 

1866-67 

2    = 

Year 

Parallax 

1818-1822 

+  1.138 

absolute 

1822-1823 

0.0 

.{ 

1836  (Ti-oug 

hton  Circle) 

+  0.233 

a 

1836  (Jones 

Circle) 

—0.092 

.. 

1837 

+  0.262 

±0.025 

differential 

1842 

+  0.103 

±0.053 

absolute 

1851-1853 

+  0.147 

±0.009 

differential 

1854-1855 

+0.154 

±0.046 

.. 

1869 

+0.214 

±0.009 

.. 

1870 

+  0.188 

±0.033 

cc 

1880 

+  0.134 

±0.006 

( ( 

the    equations    given    above,    reducing,   and    combining    by 
weights,  we  have. 

2=  +0".0091    ±0".0144 

By  this  solution  we  have,  therefore. 

Constant  of  aberration  =  2C.4542    ±0"\0144 
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Although  there  remains  some  uncertainty  about  the  parallax 

of  the  star,  I  prefer  this  value  of  the  constant  of  aberration. 

S  7.  *The  negative  parallax  of  the  star,  found  from  the 
direct  solution  of  the  equations  of  condition,  may  suggest 
the  question  whether  such  a  result  would  not  be  avoided  by 
classifying  the  observations  according  to  the  observers.  But 
an  examination  will  show,  I  think,  that  the  same  result  will 
follow  from  this  arrangement,  since  the  observations  through- 
out the  year  are  generally  pretty  evenly  distributed  among 
the  observers,  lu  the  last  set  of  observations,  a  little  mure 
than  one-third  of  them  were  made  in  the  winter  months,  and 
this  may  account  for  the  greater  probable  error  of  a  single 
observation.  Neither  will  the  theoretical  ten-month  period 
in  the  latitude  furnish  a  satisfactory  explanation,  as  may  be 
seen  from  the  grouping  of  the  observations  given  in  Appen- 
dix J.    Washington  Obsecrations,  1879,  p.  63. 

The  most  plausible  explanation  of  the  negative  parallax 
seems  to  me  the  following.  It  will  be  seen  that  the  coef- 
ficient of  parallax  has  its  maximum  values  about  the  first  of 
January  and  July,  that  is,  at  the  extremes  of  annual  tem- 
perature. This  condition  results  from  the  position  of  the 
star,  and  increases  the  difficulty  of  determining  its  parallax. 
Again,  the  observations  in  winter  were  made  iu  daylight, 
and  those  of  summer  at  night.  This  change  would  produce 
a  difference  in  the  image  of  the  star  that  might  introduce  a 
small  constant  difference  in  the  declinations.  It  was  as- 
sumed, of  course,  that  the  symmetry  of  the  method  of  ob- 
serving would  free  the  result  from  errors  caused  by  tem- 
perature and  the  change  from  daylight  to  darkness,  but  I 
think  the  assumption  is  doubtful  when  the  intention  is  to  de- 
termine quantities  as  small  as  a  tenth  of  a  second  of  arc. 
The  constant  of  aberration  is  determined  under  better  con- 
ditions, since  the  greatest  values  of  this  coefficient  occur  in 
April  and  October,  and  the  transits  would  be  observed  under 
nearly  similar  conditions  of  temperature  and  aspect  of  the 
image. 

§  8.  The  constant  of  aberration  has  an  interesting  con- 
nection with  the  solar  parallax.  If  we  designate  by  k  the 
number  of  seconds  which  light  requires  to  pass  over  the 
mean  distance  of  the  earth  from  the  sun,  by  <p  the  angle 
whose  sine  is  the  eccentricity  of  the  earth's  orbit,  by  M  the 
mean  anomaly  of  the  earth,  and  by  t  the  time,  we  have  by 
definition 

k        dM 
~dl 


=    constant  of  aberration   =  c. 


log 


8.61349;! 


Hansen 


cos  f 

If  v  be  the  velocity  of  light,  a  the  mean  distance  of  the  earth 

from  the  suu,  R  the  equatorial  radius  of  the  earth,  and  tt 

the  solar  parallax,  then 

a  R 

<■  =  f  ;  a  =  -  ; 

K  n 

and  eliminatiug  k  we  have 

R  dM 


n"  = 


cv  cos  <p      dt 


X  206265 


We  have  from  observation 
dM 
~dT  ' 
log  cos  if  =  9.999939 

i?  =  3963.3  miles  Clarke 

v  =  186325     '•  Michelson  and  Newcomb 

c  =  20".4542  ±  0".0144  (derived  above) 
These  numbers  give  for  the  solar  parallax 

n  —  8".810  ±  0".0062 

There  are  two  theoretical  corrections  to  be  applied  to  the 

constant  of  aberration.     In  the  first  place  the  motion  of  a 

planet  is  around  the  center  of  gravity  of  the  planet  and  sun, 

and  not  around  the  center  of  the  sun.     This  correction  is 

20".45  X  m, 

v« 

m  being  the  mass  of  the  planet,  and  a  its  mean  distance  from 
the  suu  (Bessel,  Fatal.  Astr.,  p.  132).     Since  for  the  earth 

1 
—  326800 
this  correction  is  0". 00006,  and  can  be  neglected. 

A  second  correction  is  required  on  accouut  of  the  motion 
of  the  solar  system  in  space  (Bessel,  Tabb.  Reg.,  p.  xix). 
As  yet  we  have  only  rough  determinations  of  this  motion, 
since  at  preseut  accurate  observations  of  the  stars  do  not 
extend  over  a  sufficient  interval  of  time.  Struve's  estimate 
of  this  motion  is  1.6  per  annum,  the  mean  distance  of  the 
earth  from  the  sun  being  the  unit.  This  motion  would  give 
for  the  correction  to  the  constant  of  aberration  0".0005,  as  a 
maximum  which  could  change  the  position  of  a  star.  It  is 
therefore  probably  too  small  ever  to  be  recognized  by  obser- 
vation. The  theory  of  these  corrections  has  been  elaborately 
discussed  by  M.  Villarceau  in  the  Conn,  ties  Temps  for  1878, 
where  he  has  treated  also  the  motion  of  our  sidereal  system. 

Considering  the  smallness  of  these  corrections,  and  the 
accuracy  with  which  the  velocity  of  light  is  known,  I  think 
the  above  method  of  determining  the  solar  parallax  is  the 
best  that  astronomers  now  have. 

For  assistance  iu  these  reductions  I  am  indebted  chiefly  to 
Lieut.  Wm.  H.  Allen,  U.S.N.  Mr.  A.  D.  Risteen,  of  the 
U.S.  Coast  and  Geodetic  Survey,  wished  to  work  an  example 
in  least  squares,  and  he  solved  gratuitously  the  equations  for 
1864,  finding  the  same  results  as  those  given  above. 

In  conclusion,  I  should  say  that  the  observing  books  show 
that  this  instrument  was  cleaned  and  refittted  in  1867,  and  a 
new  series  of  observations  of  a  Lyme  was  begun  by  Prof. 
Cleveland  Abbe,  who  had  just  returned  from  his  astro- 
nomical studies  at  Pulkowa.  These  observations  were  soon 
interrupted  by  Professor  Abbe's  removal  to  Cincinnati  to 
take  charge  of  the  Observatory  in  that  city,  and  the  few 
observations  he  made  were  never  reduced  and  published. 

The  observations  discussed  here  form,  I  think,  the  most  ac- 
curate determinations  of  declination  ever  made  in  this  coun- 
try ;  and  when  we  consider  the  simplicity  and  elegance  of  the 
method,  one  can  only  wish  to  see  it  more  generally  applied. 


1887  December  10. 
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OBSEKVATIOXS  OF  THE  SATELLITE  OF  JS~EPTUJSTE, 

WITH   THE   23-INCH    EQUATORIAL,    HALSTED   OBSERVATORY,    PRINCETON,    NEW    JERSEY. 

[Communicated  by  Prof.  C.  A.  Young,  Director.] 

The  observations  are  not  corrected  for  differential  refrac- 
tions, but  it  was  computed  for  several  of  the  dates  when 
it  would  have  the  greatest  effect,  and  in  all  cases  it  is 
much  less  than  0".01  on  the  distance  measures.  Observers 
Y  =  Young,  McN  =  McNeill.   H  =  Prof.  Asaph   Hall   of 

Opposition-  ok  1883-84. 


Washington,  who  visited  the  Observatory  on  Nov.  19.  1883. 
In  column  "  Eyes,"  ji  denotes  that  the  eyes  of  the  observer 
were  parallel  to  the  line  between  plauet  and  satellite ;  n  de- 
notes that  the  eves  were  normal  to  the  above  direction. 


Date 

Gr.  M.T. 

Posit.  Aug. 

No. 

Eyes 

Gr.  M.T. 

Distance 

No. 

Obs. 

Power 

h       m 

°      r 

h        m 

ii 

1883     Oct.    10 

14  59.2 

196  33 

3 

15     8.7 

11.63 

4 

Y 

7 '.i0 

1G 

14  56.6 

l.s.s    12 

4 

15     9.6 

8.62 

3 

Y 

24 

14   10.9 

41   22 

5 

14  26.2 

17.24 

8 

Y 

460 

Nov.  17 

13  57.7 

28  28 

3 

14  10.5 

14.49 

8 

Y 

460 

19 

14  .i7.1 

233  21 

5 

.15  12.6 

15.99 

6 

Y 

460 

19 

15   14.0 

234  31 

.") 

15  26.2 

• 

10.56 

4 

H 

460 

October  16.     Satellite    seen    only   by   glimpses.      Bright         October  24.     Satellite  easily  seen. 
moonlight.     Position  readings,  Y,  2;  McN,  1  ;  Baldwin,  1. 

Opposition  of  1884—85. 


Date 

Gr.  M.T. 

]'"-;t.  Ang. 

No. 

Eyes 

Gr.  M.T. 

])i>tance 

No. 

Obs. 

Power 

h        m 

o          / 

h        m 

it 

1884     Nov. 

22 

14     8.5 

326   in 

1 

14  25.9 

6-50 

2 

Y 

360 

29 

13   19.6 

239  34 

4 

13  31.5 

14. M 

4 

Y 

360 

Dec. 

2 

12  43.6 

59   10 

4 

13     4.8 

15.97 

4 

Y 

360 

3 

13     7.3 

28  41 

4 

Y 

360 

3 

13     9.6 

25  10 

2 

McN 

36n 

4 

15  17.1 

289     4 

4 

V 

15  25.0 

8.57 

4 

Y 

460 

4 

15  42.2 

285  33 

6 

P 

15  33.7 

8.46 

4 

Y 

360 

5 

13  26.6 

2:;;,  in 

8 

13  47..", 

16.79 

6 

McN 

460&360 

5 

14   20.5 

16.04 

4 

Y 

360 

16 

14     8.3 

271    12 

2 

Y 

360 

1885     Jan. 

2 

13   15.7 

349     2 

5 

Y 

10 

14     9.9 

213  17 

4 

14   21.1 

15.18 

8 

Y 

46'J&360 

13 

14  42.3 

32  55 

6 

ii 

14  49.2 

14.81 

8 

Y 

360 

November  22.  Very  hard  to  see  satellite  ;  measures  of 
distance  rather  uncertain. 

November  29.     Moonlight,  very  troublesome. 

December  2.  Moon  full,  troublesome,  but  satellite  fairly 
seen. 

December  3.  Very  bright  moonlight  and  haze  ;  too  diffi- 
cult  to  measure  distance. 


December  4.     Seeing  very  steady  and  good. 

December  5.  Satellite  seen  only  by  occasional  glimpses; 
trouble  by  fogging  of  eye-piece. 

December  16.  Very  faint,  seeing  poor;  distance  about 
7",  not  measured. 

January  1".     Satellite  hard  to  see. 


Opposition  of 

1885-86. 

Date 

Gr.  M.T. 

Posit.  Ang. 

X... 

Eves 

Gr.M.T. 

Distance 

No. 

Obs. 

Power 

1885     Nov.  14 

h        in 

14  24.6 

o          1 

51   40 

5 

P 

h        in 

14  48.2 

I6.V14 

8 

Y 

360 

Satellite  easilv  seen. 
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Opposition  op 

1886-87. 

Date 

Gr.  M.T. 

Posit.  A  hi;'. 

No. 

Eyes 

Gr.  M.T. 

Distance 

No. 

Obs. 

Power 

h         ni 

°       i 

h         ra 

// 

1886 

Nov 

26 

13  24.4 

23  13 

10 

P 

13  25.6 

12.32 

8 

Y 

460 

27 

14  18.2 

278  15    • 

>       1 

Y 

460 

29 

13     6.0 

198  22 

5 

Y 

Dec. 

8 

14     9.8 

1  36 

5 

n 

Y 

460 

9 

15  27.3 

258  48 

6 

J> 

Y 

460 

10 

13     9.2 

225  37 

5 

P 

Y 

460 

14 

13   15.0 

352  20 

6 

n 

13   19.5 

7.67 

2 

Y 

16 

13   14.6 

223   56 

6 

J' 

13  31.2 

16.19 

8 

Y 

460 

16 

13  46.7 

224  39 

5 

Y 

460 

21 

13  46.3 

251    11 

5 

P 

13  55. 7 

14.46 

8 

Y 

460 

27 

13     8.8 

248  29 

5 

V 

13   19.8 

15.30 

8 

Y 

460 

1887 

Jau. 

21 

14     9.8 

186     0 

1 

Y 

480 

25 

14     2.0 

258  32 

5 

n 

Y 

November  27.  Through  thin  clouds;  clouded  up  after 
first  measure. 

November  29.  Satellite  very  faint,  too  faint  to  measure 
distance. 

December  8.  Moon  within  10°  ;  visible  only  by  glimpses  ; 
distance  not  attempted. 

December  9.  Moonlight;  no  illumination  ;  satellite  faint, 
but  well  seen. 

December  10.  Extremely  difficult;  not  satisfactory;  no 
use  to  measure  distance. 


Dec.  14.  Through  clouds  ;  clouded  up  before  completion 
of  distance  measures. 

December  16.  Seeing  rather  poor;  positions  unsatis- 
factory ;  satellite  not  seen  steadily. 

January  21.  Very  faint,  through  thin  haze ;  seeing 
rather  poor. 

January  25.  Through  slight  haze,  very  difficult ;  seen 
only  by  glimpses  ;  distance  estimated  5"  to  6",  too  difficult  to 
measure. 


Opposition  of 

l,s.s7-88. 

Date 

Gr.  M.T. 

Posit.  Ang. 

No. 

Eyes 

Gr.  M.T. 

Distance 

No. 

Obs. 

Power 

h         in 

0           1 

li        in 

ii 

1887 

Oct. 

15 

1.".   25.(1 

25    is 

5 

15  31.7 

13.44 

5 

Y 

360 

Nov. 

3 

15  40.2 

259  35 

3 

P 

Y 

460 

22 

14   18.9 

21  s  33 

5 

n 

11    31.5 

15.79 

4 

Y 

460 

Dec. 

6 

14   21.1 

59     2 

6 

V 

14   29.2 

16.23 

4 

Y 

460 

6 

15  22.5 

58   22 

6 

15  28.4 

17.00 

4 

Y 

160 

13 

15  18.3 

10  58 

6 

n 

Y 

460 

13 

15  32.3 

15   17 

6 

McN 

460 

1888 

Jan. 

2 

13   10.2 

224  27 

6 

P 

13   22.2 

16.21 

4 

Y 

460 

5 

13  17.7 

38     0 

5 

n 

13  31.8 

15.82 

4 

McN 

360 

November  3.  Satellite  visible  with  difficulty  ;  haze  be- 
came too  thick  for  fait  her  measures. 

November  22.  Weight  very  small ;  satellite  very  hard  to 
see. 

December  6.     Seeing  fair. 

Princeton,  New  Jersey,  1888  March  12. 


December  13.     Seeing  too  bad  to  measure  distance. 

January  2.     Seeing  good. 

January  5.  Seeing  rather  poor,  occasional  cirrus  clouds; 
satellite  seen  only  by  glimpses,  and  distance  measures  rather 
uncertain. 


TWO   HUNDRED   SEVENTY-FOURTH   ASTEROID. 

A  planet  of  the  13th  magnitude  was  discovered  by  Palisa,  at  Vienna,  on  the  third  of  April.     The  observation,  trans- 
mitted telegraphically  by  Dr.  Krueger,  gives 

1888     April  3d.421 1  Gr.  M.T.  12"  50m  39s.5  +0°  50'  50".  Daily  motion  — 48B  in  «,  and  5'  northward. 
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PEOPEE   MOTION   OF   THE   STAR   W.B.  VI,   1500, 

By  LEWIS  BOSS. 


In  comparing  the  positions  of  Bessel's  zones  as  corrected 
in  Luther's  tables  (Konigs.  Beobb.  Bel.  XXXVII)  with  those 
resulting  from  the  Albany  A.G.  zoues,  I  have  found  very 
few  errors  of  observation  additional  to  those  already  pointed 
out  by  the  labors  of  Bessel,  Argelander,  Luther  and 
others.  Usually,  where  such  errors  have  been  found,  it  is 
seen  that  the  published  material  would  not  have  sufficed  for 
their  detection.  Ordinarily,  some  very  simple  supposition 
as  to  the  source  of  error  serves  to  reconcile  Bessel's  with 
the  modern  observation.  In  the  case  of  the  star  at  6h  4  6m 
50s. 38  in  Zone  45,  if  we  suppose  that  the  itTheile"  should 
read  1173  instead  of  "1273,"  as  printed,  the  declination 
would  have  been  1°  25'  3!)". 5,  instead  of  1°  26'  13". 6,  as  Bes- 
sel gives  it.  The  former  position  reduced  to  1875  would  be 
1°  20'  28". 8,  agreeing  very  satisfactorily  with  1°  20'  29". 6  as 
obtained  from  the  Albany  zones,  in  which  the  star  is  twice 
observed.  Errors  precisely  similar  to  this  have  been  found  in 
the  published  zoues  of  Bessel  ;  and  such  a  mistake  is  one  easy 
to  make.  To  decide  the  case  (at  the  same  time  with  many 
others)  I  have  recently  reobserved  this  star,  and  the  follow- 
ing table  exhibits  all  the  material  of  observation  known  to  me. 
It  is  assumed  that  Bessel  requires  no  correction. 


a  1875.0 

J  a         5 

L875.0 

J.S 

6  50  6.81 

0.00  +1 

21     2.9 

—0.8 

6.58 

+  0.01 

20  29.4 

+ 1 .0 

6.60 

—0.01 

29.9 

+  0.5 

6.60 

—0.04 

27.3 

—1.2 

6.51 

+  0.05 

26.2 

—0.1 

Epoch  of  Obs. 
Bes.(Z.  45)  1822.05 
Alb.Zones.  1880.16 
Alb. Zones  L880.19 
Alb.  M.  Obs.  1888.19 
Alb.  M.  Obs.  1888.23 

The  columns  J«  and  Jd  are  the  residuals  formed  by  sup- 
posing the  proper  motion  to  be  — 0s. 004  and  — 0".55, 
respectively,  and  the  position  for  1875  : 

f_      . 
200 
t- 
200 


o  =  6  50  6.61  +  3.1028<  —0.0010 
8  =  +1°20  33.3  —4.350/  —0.440 


Considering  the  Albany  observations  alone,  the  proper 
motion  in  declination  would  be  much  smaller  ( — 0".36)  ;  but 
of  course  very  little  weight  attaches  to  a  result  depending  on 
this  small  interval.  The  actual  difference  of  the  means  of 
the  Albany  observations  is  more  thau  five  times  the  probable 
difference ;  and  this  fact  makes  the  probability  that  the 
proper  motion  above  deduced  is  real,  very  nearly  absolute. 

The  star  is  of  the  eighth  magnitude. 


COMET    1888  a.    (SAWEBTHAL,  Feb.  18), 

By  WILLIAM  C.  WINLUCK. 


The  following  elements  have  been  computed  from  the 
( .'ape  observation  of  February  18,  the  observation  at  the 
University  of  Virginia,  March  13,  and  the  Washington 
observation,  March  30.  The  error  in  the  apparent  place 
reduction  of  March  13  has  been  corrected,  and  corrections 
for  aberration  and  parallax  have  been  applied: 

T=  1888  March  16.95952  Greenw.  M.T. 

co  =  359°  49'  25") 
Q,  =  245    30  14    [-Mean  eq.  L888.0 
i  =    42    16  51    ) 
logr/  =  9.844502 
U.S.  Naval  Observatory,  April  11. 


A  comparison  with  the  middle  place,  March  13,  and  with 
the  Washington  observation  of  March  18,  gives  the  re- 
siduals : 


(O-C) 

Sk  .  ci 's  .1 
8(3 


Mar.  13. 
— 58".4 
—  3  .8 


Mar.  18. 
—52".  2 
—  3  .5 


It  will  be  remarked  that  the  axis  of  the  orbit  lies  close  to 
the  ecliptic,  a  fact  which  of  itself  seems  to  afford  a  slight 
suspicion  of  ellipticity. 
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AX  EXAMINATION   OF  SOME    ERRORS  POSSIBLY  AFFECTING  MEASURES  OF 
DISTANCE,  MADE  WITH  THE  PRISM-APPARATUS  OF  M.  LOEWT, 

By  GEORGE  C.  I  OMSTOCK. 


If  a  pencil  of  rays  from  a  star  fall  upon  the  objective  of  a 
telescope  whose  eve-piece  is  slightly  out  of  focus,  the  pi 
emergeut  from  the  eye-piece  will  enter  the  eye  of  an  observer 
as  a  coue  of  circular  cross-section  and  small  vertical  angle. 
The  resultant  visual  effect  is  that  of  a  star  whose  direction 
from  the  observer  depends  upon  the  mean  direction  of  the 
rays  which  enter  the  eye.  and  considerations  of  symmetry 
show  that  this  mean  direction  coincides  with  the  axis  of  the 
cone.  Since  a  change  in  the  focusing  of  the  eye-piece  alters 
the  angle  of  the  cone,  hut  does  not  sensibly  affect  the  po- 
sition of  its  axis,  it  follows  that  a  small  change  in  the  focus- 
ing does  not  produce  any  systematic  effect  upon  the  apparent 
direction  of  the  star,  or  upon  a  measured  distance  into  which 
this  direction  enters.  If.  however,  the  incident  pencil  falls 
only  upon  a  part  of  the  objective  which  is  not  symmetrically 
distributed  about  its  center,  e.g.,  upon  one-half  of  the  objec- 
tive, the  mean  direction  of  the  emergent  rays  will  no  longer 
coincide  with  the  axis  of  the  cone  unless  the  eye-piece  is 
perfectly  focused,  in  which  case  the  emergent  rays  are  all 
parallel  to  the  axis. 

Id  the  prism  apparatus  to  be  considered,  rays  coming  from 
two  stars  are  reflected  from  opposite  faces  of  a  prism  placed 
symmetrically  in  front  of  the  objective.  These  reflected 
rays  pass  through  different  parts  of  the  objective,  and  their 
directions  upon  entering  the  eye  depend  upon  the  focusing 
of  the  telescope.  The  distance  between  the  images  of  the 
stars,  which  is  the  quantity  to  be  measured,  will  there- 
fore also  depend  upon  the  focusing,  and  serious  errors 
may  thus  be  introduced  into  the  results  derived  from  such 
measures.  It  is  the  purpose  of  the  present  paper  to  con- 
sider these  errors,  and  such  others  as  arise  from  the  use  of 
only  a  part  of  the  objective  for  each  star,  omitting  all  con- 
stant errors,  since  these  will  be  eliminated  in  the  end.  as 
the  observations  contemplated  with  the  prism  apparatus  are 
purely  differential  in  their  character. 

The  principle  which  furnishes  the  basis  of  the  following 
investigation  is  due  to  Gauss.  Dioptrische  Untersuchunyen, 
whose  methods  and  notation  I  shall  adopt.     If  we  suppose 


any  series  of  refracting  media  bounded  by  spherical  surfaces 

whose  centers  lie  in  the  same  straight  line,  and  suppose 
further  a  ray  of  light,  making  a  small  angle  with  this  line  and 
incident  upon  the  first  surface,  to  have  for  its  equations 


.'/ 


(x—E>)  +  b  ;  z=  -^0(x—E')  + 


(1) 


then  the  ray  of  light  emergent  from  the  last  surface  will  have- 
as  its  equations 


y  =  —*-  (■>•- 


E-  )  +  b; 


■  +  kc 


(,—E*)  +  c.    (2) 


The  rays  are  here  referred  to  a  system  of  coordinates,  in 
which  the  line  of  centers  of  the  bounding  surfaces  is  the  axis 
of  .»•.  the  origin  and  the  directions  of  the  axes  of  //  and  z  be- 
ing left  indeterminate.  E"  and  E*  denote  the  principal 
points  (Hanptpunkte)  of  the  system  of  surface-.  n°  and  n* 
the  refractive  indices  of  the  first  and  last  media,  and  A'  a 
constant,  whose  value  depends  upon  the  thicknesses  and  re- 
fractive indices  of  the  intervening  media  and  the  curvatures 
of  their  surfaces.     For  the  particular  case  of  an  achromatic 

objective  or  eye-piece.    n°  =  n*  =  1      and 


1 


the  negative  reciprocal  of  the  focal  length  of  the  compound 

lelis. 

The  effect  of  the  prism  upon  the  course  of  a  ray  incident 
upon  it  having  been  elsewhere  discussed,  I  shall  confine  my 
attention  to  the  course  of  the  ray  between  the  prism  and  the 
retina  of  the  eye.  and  shall  consider  the  objective  as  a  single 
lens,  fully  defined  by  its  principal  points  E\.  E'...  and  its 
focal  length  /' ;  the  eye-piece  as  another  lens,  similarly  defined 
by  E'\.  25"2and/";  and  those  parts  of  the  eye  anterior  to 
the  retina  as  a  third  lens  defined  by  E"\,  E'",  and/'".  The 
several  principal  points  are  all  supposed  situated  upon  the  axis 
of  a;.  It  appears  from  equations  (1)  and(2)  that  the  relations 
existing  between  the  z  and  x  coordinates  of  any  point  in  the 
path  of  a  ray  are  of  the  same  form  as  those  between  y  and  a;; 
it  will  therefore  be  sufficient  to  make  the  analysis  for  the 
plane  xy  only,  the  corresponding  relations  in  the  plain-      . 
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being  obtained,  if  desired,  by  substituting  ;■.  c  and  z  in  place 
of  T.  b  and  ,</•  in  the  resulting  equations. 

Let  the  equation  of  a  ray  incident  upon  any  part  of  the 
objective  be 
(3)  y  =  :  (x— E\)  +  b. 

The  equation  of  this  ray  after  it  has  traversed  the  objec- 
tive is  found  by  applying  equation  (2)  to  be 


r={c- 


;. ;  „-*, 


)  +  b 


Let  the  distance  from  E',  to  E'\  be  /'  +'/"  +  q,  in  which 
7  is  obviously  the  error  of  focusing,  positive  when  the  eye- 
piece is  drawn  out.      We  then  have 

E',  =  E'\  —  (f'+f'+q) 

This  value  of  E',  substituted  in  equation  (4)  gives 

1 5 )    y  =  {  f -  j, }  ( x—E'\ )  +  (/ +r+ 7 ):-■' '  +  q  b 

which  is  the  equation  of  the  ray  incident  upon  the  eye-piece. 
Applying  (2)  to  this  expression,  the  equation  of  the  ray 
emergent  from  the  eve-piece  is  found  to  be 

J  =  |  fi.  -  r-p  t  i  <*-*•.)+ (/•*/■+.*-£+*• 

This  may  be  written 

(7)  y  =  X  (x—E",)  +  L 

the  quantities  /.  and  L  being  abbreviations  for  the  more  com- 
plicated expressions  of  equation  (6).  Let  r  denote  the  dis- 
tance from  E"-2  to  £"",.  and  eliminate  E" ..  from  (7).  The 
resulting  equation 

(8)  y  =  X(x— E"\)  +  Xr  +  L 

represents  the  path  of  the  ray  incident  upon  the  eye  of  the 
observer.  Again  applying  equation  (2),  the  path  of  the  ray 
emergent  from  the  crystalline  lens  is  found  to  be 

(It)       y  =  *  |  ;.  +  A-  (>.,-+ L)  |  (x—E'"2)  +  Xr  +  L 

y  =  H  <>  +  k  («/•+. V)  |  (x—B) 

In  order  that  the  star  shall  be  seen  bisected  by  the 
micrometer-thread,  the  values  of  y,  given  by  equations  (  10) 
and  (13)  when  x  =  R.  must  be  equal,  hence  we  may  write 
as  the  condition  for  apparent  coincidence  of  the  thread  and 
star 

(/.—«)/•  +  L—M+  -  |  l—u  +  I-  r(X—u)r  +  L—M~]  }  =  0 

which  is  equivalent  to 

(15) 


in  which  n  denotes  the  refractive  index  of  the  vitreous 
humor.  If  we  identify  the  retina  with  its  tangent  plane  at 
the  point  where  the  axis  of  .)•  intersects  the  retina,  call  the 
abscissa  of  this  point  B,  and  put 

R  —  £"",  =  s 

we  shall  find  as  the  equation  of  the  ray  incident  upon  the 
retina  (10) 

y=l-  |  l+k{lr+L)  |  (x— R)+lr+L+  -  j  X+k  Q.r+L)  \ 

The  point  of  intersection  of  this  ray  with  the  retina  can,  of 
course,  be  found  by  putting     x  =  R. 

We  have,  now.  to  trace  in  a  similar  manner,  the  course  of 
a  ray  coming  from  a  micrometer  thread  placed  near  the  focus 
of  the  eye-piece.  Let  the  coordinates  of  a  point  on  this 
thread  be 

x  =  E'\  -  (f'+p)  ■        y  =  m;         z  =  n 
ji  denoting  the  error    of    focusing   the  eye-piece    upon  the 
thread.     The  equation  of  a  ray  proceeding  from  this  point  to 
the  eye-piece  will  be  of  the  form 

.7  =  a  (x—E\)  +3 
in  which  the  value  of  a  may  be  determined  from  the  con- 
dition that  the  ray  shall  pass  through  the  point  above  de- 
fined.    The  equation  is  thus  transformed  into 

p —  in 


y 


fr+p-iv—E"*)  +P' 


(11) 


and  by  (2)  the  equation  of  the  ray  emerging  from  the  eye- 
piece is 


y  = 


'+!') 


(x-E"s)  +P' 


(12) 


.*,  =  ,,  (x—E'_  i  +  .'/.  (13) 

The  course  of  this  ray  through  the  eye  to  the  retina  may 
be  traced  as  above,  and  the  equation  of  the  ray  incident  upon 
the  retina  will  be  found  to  be 

f 


+  .«/•  +  -V  + 


,  < 


it  +  k 


{,,!■  +  M  i  [ 


(Ml 


Qr-t){±+r 


OH- 


l_ 


=  0 


The  quantities  s  and  k  depend  upon  the  focal  adjustment 
(accommodation)  of  the  eye  itself,  and  r  depends  upon  the 
distance  of  the  eye  from  the  telescope.  These  quantities  are 
all  variable,  and  /•  is  evidently  independent  of  k  and  s,  hence 
if  ( 15)  is  to  be  satisfied  for  all  adjustments  and  positions  of 
the  eye,  each  term  must   be   separately   equal   to  zero.     If 


either  term  differs  from  zero,  the  coincidence  of  star  and 
thread  may  lie  established  or  destroyed  by  a  slight  motion  of 
the  observer's  head,  or  by  a  change  in  the  accommodation  of 
the  eye,  the  micrometer-thread  remaining  constantly  at  a 
tixed  setting.  If  we  apply  equation  (2)  to  a  pencil  of 
parallel  rays  transmitted  through  the  eye.  we  shall  have 
n*  =  n.    and    E*  =  E",.   and  the  equation  may  be  written 

="— E'"°-  ,    ,|,    ,    k(x—E'",)  ) 

y  =  t  +)i+  — i  b 

In  order  that  these  rays  shall  be  brought  to  a  focus  upon 
the  retina,  a  condition  which  must  be  very  approximately 
satisfied  for  distinct  vision,  the  coefficient  of  b  must  be  zero, 
and  x — E'".,  =  s.     Under  these  conditions,  therefore, 

1  +  ^=0 
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and  the  second  terra  of  (15)  vanishes.     If  this  condition  is 


satisfied,  it  is  impossible  that       +  r    1  + 

n  V         n 


should  also  be 


zero,  hence  we  have,  as  the  remaining  condition.    ). — p.  =  0. 
AVe  may  pass  to  the  more  general  case,  in  which  the  inci- 
dent rays  are  not  parallel,  and  are  not  brought  to  a  sharp 

k(s+h) 


=   0, 


focus   upon   the  retina,    by  writing    1  + 

which  h  denotes  the  distance  of  the  focus  from   the   retina. 


We  shall  then  have    1  + 


fcs 


h 


l—u- 


_M 

ii  n  s 

In  place  of    I — /<  =  0    we  must  now  write 

h  „  hn 


■{■ 


)i  \        n  /  > 


(L-M) 


.s--+  rim 


approximately. 


(L-M) 


If  we  now  substitute  for  /.,  j«,  L,  and  M  their  values,  and 
neglect  terms  of  the  order  //-'.  we  shall  liud 


which  mav  lie  written 


f'm+pjl 

(f'  +  <j)  (/+!') 


f'm 

f"(f"+p) 

!n,f"  (/'+/"  +  </) 


-hi{  v+r+9)  t  -£p>- 


sH  r  +  'O 


:  + 


hnf'(! 


bq 


hnf"(f"  +  q) 
•)..(.  ..I  i     .    "  • 


To  interpret  this  equation  we  Qote  that  the  quantities  6 
and  p,  which  appear  in  it.  were  introduced  as  the  absolute 
terms  of  the  equations  of  rays  of  light  from  a  star,  and  from 
a  micrometer-thread,  respectively.  The  total  visual  effect 
produced  at  the  retina  is  due  to  a  large  number  of  rays  from 
each  source,  and  as  all  the  rays  coming  from  a  common 
source  have  equations  of  like  form,  and  differ  only  in  the 
particular  values  of  b  and  (3  belonging  to  the  several  rays. 
we  may  define  the  b  and  |3  which  appear  in  equation  (  1C>)  as 
mean  values  for  the  systems  of  rays  to  which  they  respec- 
tively belong.  The  equation  will  then  represent  the  resul- 
tant of  these  lays.  Let  us  now  suppose  that  the  incident 
rays  from  the  star  fall  upon  the  whole  objective,  that  the 
telescope  is  perfectly  focused,  and  that  the  rays  transmitted 
through  the  eye  are  brought  to  a  focus  upon  the  retina  ;  i.i  .. 
let  us  put 

6  =  0     ,     p  =  0     ,     q  =  0     ,     h  —  0. 

Equation  (16)  then  becomes 

f 

a  relation  which  can  be  readily  verified  from  the  geometrical 
relations  of  the  quantities  involved,  £  being  the  tangent  of 
the  angle  which  the  incident  ray  makes  with  the  axis  of  the 
objective,  and  m  the  distance,  from  that  axis,  of  a  microme- 
ter-thread seen  superposed  upon  the  star.  In  the  method  of 
observing  with  which  we  are  now  concerned,  a  silvered  glass 
prism  is  placed  symmetrically  in  front  of  the  objective  of  a 
telescope,  and  rays  of  light  coming  from  a  star  are  reflected 
from  it  through  a  part  of  the  objective  only.  The  effect  of 
this  unsymmetrical  disposition  of  the  incident  rays  is  to 
make  b  a  quantity  sensibly  different  from  zero,  while  the 
other  quantities,  p.  q  and  h,  remain  unaffected  by  the  intro- 
duction of  the  prism.  Those  terms  of  (16)  which  contain  b 
as  a  factor  represent  errors  possibly  present  in  the  case  of 
prism-observations,  but  which  become  zero  when  the  rays  of 
light  fall  symmetrically  about  the  center  of  the  objective. 
They,  therefore,  distinguish  these  observations  from  those 
made  in  the  ordinary  manner,  and  as  it  is  my  purpose  in  the 
present  paper   to  investigate  only   those   errors  which    are 


*(f+q)      fu"+q)      Kf'if'+q) 


(16) 


peculiar  to  the  prism-observations,  I  shall  neglect  those 
terms  of  (16)  which  represent  errors  common  to  both  kinds 
of  observing,  and  write  in  a  simplified  form  the  equations 
for  two  stars  whose  images  are  formed  by  rays  reflected  from 
opposite  faces  of  the  prism.     Thus 

m,  <jbt  hn  //'Y 

/'      f'if'+q)      *'\f)  ]  (17) 

in,    .  '/I'  hn  /  f" 

T      f'Lf'+q)       7 1? 


r  '  -l 

SI     ^7    T 


In  the  use  of  the  prism-apparatus  the  telescope  is  to  be 
directed  to  the  middle  point  of  the  arc  joining  the  two  stars 
to  be  observed,  and  since  the  direction  of  the  axes  of  y  and  z 
was  left  undetermiuate,  we  may  now  assume  that  the  plane 
of  xy  passes  through  the  two  stars.  We  have  then,  for  the 
angular  distance  between  the  two  images  in  the  field  of  view 
of  the  telescope, 


The  quantity 


— m.,   ,       6, — 6o 


/' 


+ 


f'tf+q) 
f 


q  +  5    /'//. 

(so)2 


(18) 


is  the  magnifying  power  employed.  The  term  containing  q 
represents  the  effect  upon  the  measured  distance  of  bad 
focusing  of  the  eye-piece  upon  the  star  ;  the  terra  in  h  the 
corresponding  effect  arising  from  mal-accommodation  of  the 
eye.  These  terms  are  expressed  as  abstract  numbers,  and 
must  be  multiplied  by  206265  to  turn  them  into  seconds  of 
arc. 

To  compare  equation  (18)  with  observation,  T  have  re- 
sorted to  the  following  experiment.  A  pasteboard  cap,  with 
two  circular  apertures  symmetrically  placed  with  respect  to 
its  center,  was  fitted  over  the  objective  of  the  l.H-iueh  equa- 
torial of  the  Washburn  Observatory.  The  telescope  being 
pointed  upon  a  star,  a  pencil  of  rays  from  this  star  passes 
through  each  aperture,  and  forms  an  image  of  the  star  at 
the  principal  focus  of  the  objective.  If  the  eye-piece  is 
properly  focused,  an  observer  will  see  in  the  telescope  a 
single  star,  but  if  the  eye-piece  be  displaced  from  the  true 
focus  by  a  quantity  q,  the  star  will  separate  into  two  whose 
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distance  apart  will  depend  upon  q.     Applying  equation  (18) 
to  this  ease,  and  noting  that     JT, — ".,  =  0,     we  have 

in, —  w,  _         />, 

_(    _ 


(19) 


rn      7  + 


in  which  </  denotes  the  measured  distance  between  the  images. 
After  trying  apertures  of  different  diameters,  from  an  eighth 
of  an  inch  up  to  two  and  a  half  inches,  I  adopted  the  latter 
size  as  giving  the  best  definition.  With  this  aperture  a  star 
of  the  second  magnitude  presents  tun  round,  well  defined 
disks  of  ;!"  diameter,  with  rather  woolly  edges,  which,  how- 
ever, admit  of  precise  measurement  when  they  are  placed 
anywhere  from  3"  to  20"  apart.  In  the  apparatus  employed. 
the  distance  between  the  centers  of  the  apertures,  bY — &L„ 
was  12.56  inches,  the  focal  length,  /',  245  inches,  and  the 
magnifying  power,  o,  304  diameters.  The  sliding  tube,  which 
forms  the  eye-end  of  the  telescope,  has  engraved  upon  it  a 
scale  of  twentieths  of  an  inch.  By  turning  a  focusing  screw 
the  eye-end  may  be  moved  iu,  so  that  the  divisions  of  this 
scale  successively  disappear  within  the  telescope-tube.     The 


position  of  the  eye-end  is  determined  by  noting  that  part  of 
scale  which  is  just  disappearing  within  the  tube.  This  part, 
always  an  exact  division,  is  called  the  scale-reading,  and  is 
used  for  determining  <j  by  a  method  given  below.  The  cap 
was  placed  over  the  objective  so  that  the  line  joining  the 
centers  of  the  apertures  was  made  approximately  parallel  to 
;i  declination  circle,  the  eye-end  set  to  a  given  scale-reading, 
and  three  double  distances  of  the  images  measured.  The 
mean  result  of  these  three  measures  is  called  a  single  dis- 
tance. The  eye-end  was  then  set  at  another  scale-reading, 
and  the  distance  again  measured,  etc.  A  number  of  such 
settings,  observed  consecutively,  constitute  a  series.  The 
following  observations  made  on  March  28,  29,  30  and  31, 
1888,  are  the  firsl  six  series  thus  taken.  The  atmospheric 
conditions  ranged  from  "  good  "  to  "  poor."  Series  II,  III, 
and  IV,  weic  observed  through  clouds  which  seriously  inter- 
fered with  the  observing,  chaugiug  the  images  from  bright 
disks  to  very  faint  points  of  light,  and  at  times  entirely  ob- 
scuring them. 


Scale-Reading 

Measured  Distance 
Computed  Distance 

C— O 


Series    I. 


20 

12.63 
12.93 

f  0.30 


21 

10.69 

10.77 


a  Hi/drae.      Observer  C. 
22  2:i 


8.56 

8.62 


+0.08        +0.06 


Assumed  Focus  26.00. 
24  28  29 


6.46 
6.47 

+  0.01       —0.04 


4.35 

I  31 


1.12 
l..",l 


6.41 
6.47 


30 

n 

8.45 
8.62 


-o.ll        +0.06        +o.i; 


31 

lo'.60 

10.77 

+  0.17 


Scale-Reading 

Measured  Distance 
Computed  Distance 

C— o 


Sehies  1 1 . 
20  21 


11.63 
11.81 

+  0.18 


9.15 

9.66 

+  0.21 


a  Hydrae. 

22 

1/ 
7.61 
7.50 

—0.11 


Observer  E.     Assumed  Focus  25.48. 
23  24  27 


5.54 
5.35 

-0.19       —0.04 


:\.-2:\ 
3.19 


3.30 
3.28 

-0.02 


Stopped  by  clouds 


Scale- Reading 

Measured  Distance 
Computed  Distance 

C— O 


Series  III. 
19  20 


13.56 

14.02 

+  0.40 


11.72 

11., st; 

+  0.14 


u  Vrs.  Muj.      Observer  ('.      Assumed  Focus  25.50 
21  22  30  31  32 


9.17  7.61  9.57  11.63 

9.68  7.55  9.70  11.86 

+  0.21        —0.06       +0.13       +0.2:; 


13.77 
14.02 

+  0.25 


Through  clouds 
Difficult 


Scale-Reading 

Measured  Distance 
Computed  Distance 

C— O 


Sick iks  IV . 
21  22 


8.89 
9.46 

+  0.57 


7.11 
7.:'.1 

+  0.20 


I '0I1  iris. 
2:; 

5.28 

5.15 
—0.1.". 


Observer  E, 

27 

if 

3.35 
3.48 


Assumed  Focus  25.39. 
2S  29  30 


5.47 
5.63 


1  .-i . 
7.7* 


+  0.13        +0.16        +0.21 


9.89 
9.95 

+  0.01; 


Through  clouds 
Very  difficult 


Scale-Reading 

Measured  Distance 
Computed  Distance 

C— 0 


Series  V. 

J}uliiris. 

( >bsen  er 

C 

Assumed  Focus 

25.37. 

20                  21 

22 

23 

21 

27 

28 

29 

30 

31 

//                   11 
11.46                9.29 
11.58              9.42 

7. .",9 
7.27 

II 

4.99 

5.10 

3.30 

2.95 

11 
3.67 

3.52 

5. l',7 

7.88 

—    o*"> 

1 .00 

9.96 

1  L.98 
12.14 

+  0.12 


+0.13 


-0.12 


+  0.11         —  0.35 


-0.15 


-0.01 


—0.05       +0.02 


+  0.16 
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Series  VI. 

Procyon. 

Observei 

('.     Assumed  Focu 

s  25.46. 

Scale-Reading 

20 

21 

22 

23 

•J  4 

•-'7 

28 

29 

30 

31 

ft 

ft 

'/ 

rr 

// 

f! 

" 

tr 

// 

rr 

Measured  Distance 

11.79 

9.56 

7.40 

5.31 

3.1  1 

3.39 

5.38 

7.70 

9.90 

11.77 

Computed  Distance 

11.78 

9.62 

7.46 

5.30 

3.15 

3.32 

5.48 

7.63 

9.79 

L1.95 

C— 0 

—0.01 

+  0.06 

+  0.06 

—0.01 

+0.01 

—(1.(17 

+  0.10 

—0.07 

—0.11 

+  0.18 

The  computed  distances,  which  are  here  compared  with  the 
measured  ones,  are  the  values  of  the  second  number  of  (19) 
when  h  is  put  equal  to  zero.  To  obtain  the  value  of  q  re- 
quired for  this  computation,  the  scale-reading  when  the  eve- 
piece  is  exactly  focused  must  be  known.  If  this  reading  be 
called  c,  and  <i  and  b  represent  scale-readings  on  opposite 
sides  of  the  focus,  a  >  c  >  /<.  and  A  and  B  the  correspond- 
ing measured  distances  of  the  images,  we  have  the  relation 
a  —  c         A 


c—b         B 
which  is  readily  transformed  into 


(20) 


:i(i+M+M) 


A  —  B 


A  +  B 

and  for  any  observation  made  at  the  scale-reading,  x 
i/  =  c  —  X 

From  each  pair  of  measures  made  at  approximately  equal 
distances  ou  opposite  side-  the  focus,  a  value  of  c  is  derived, 
and  the  mean  of  these  values  for  a  series  is  the  assumed 
focus  for  that  series. 

The  legitimacy  of  the  assumption  /(  =  0  may  be  tested 
in  the  following  manner.  Each  measured  double  distance  of 
two  bodies  furnishes  a  determination  of  the  coincidence  of 
the  fixed  and  movable  micrometer  threads,  which  is  inde- 
pendent of  (/.  and  also  of  !>,  if  /<  is  constant.  If  ft  is  vari- 
able, it  will  produce  errors  in  the  determination  of  the  coin- 
cidence, and  thereby  increase  the  probable  error  of  a  single 
determination.  From  the  49  measures  contained  in  the  six 
series  here  given,  1  find  for  the  probable  error  of  a  single 
determination  of  coincidence,  assuming  a  constant  value 
of  the  coincidence,  /'  =  ±  0".094.  From  133  measures  of 
doable  stars  with  the  same  instrument.  )>\  observer  (',  the 
probable  error  of  a  coincidence  is  /•  =  ±  0".098.  The 
probable  error  of  a  distance  is  the  same  as  the  probable  error 
of  a  coincidence;  and  it  appears  from  the  preceding  com- 
parison that  the  term  iu  h  does  not  sensibly  increase  the 
accidental  error  of  a  single  measurement.  We  may  obtain  a 
similar  conclusion  from  the  residuals,  C — O.  These  residuals 
contain  the  combined  effects  of 

(<()  Accidental  error  iu  measuring  the  distance  of  the 
images 

(b)-  Errors  in  setting  the  eye-end  to  correspond  to  the 
scale-reading 

(c)  Errors  in  the  graduation  of  the  scale 

(d)  The  observer's  systematic  error 

(e)  The  error  arising  from  the  term  in  h 

(/)  Errors  in  the  quantities  i, — b.2  and  /',  used  iu  ob- 
taining the  computed  distance. 

If  we  treat  the  values  of   C — O   as   residuals,    and   derive 
from  them  the   probable  error  of  a  single  observation,   we 

Washburn  Observatory .  1888  April  10. 


shall  find  r  =  ±0".112.  Deducting  from  this  the  known 
effect  of  the  accidental  error  of  a  single  measure  derived 
from  the  double-star  work,  there  remains  ±0".054  arising 
from  the  remaining  live  sources  of  error.  When  it  is  con- 
sidered that  an  error  of  0.001  inch  in  (b)  or  (c),  about 
the  mini m n in  vinibile  of  the  naked  eye,  produces  an  error 
of  0".OI3  in  the  distance,  and  that  the  systematic  errors 
depending  on  the  distance  may  be  considerable  quantities, 
the  conclusion  appears  justified  that  those  errors  of  ob- 
servation with  the  prism-apparatus,  both  accidental  and 
systematic,  which  arise  from  defective  or  varying  accommo- 
dations of  the  eye,  are  quantities  considerably  less  than  the 
accidental  errors  of  double-star  work  conducted  in  the  custom- 
ary manner.  We  may.  therefore,  drop  from  consideration 
the  last  term  of  equation  (19),  and  write 
wi, — m.,    ,     //, — b.j 


d 


f 


m.. 


fn 


The  observations  just  discussed  show  that  the  term  in  </ 
cannot  be  neglected.  With  the  apparatus  above  described, 
errors  of  1"  may  easily  arise  from  this  source,  unless  un- 
usual precautious  are  taken  in  focusing  the  telescope.  By 
the  method  above  described  for  determining  c  the  eye-piece 
may  readily  be  focused  within  one  or  two  thousandths  of  an 
inch,  as  1  have  found  from  repeated  experience,  and  the  re- 
sulting error  thus  reduced  to  a  comparatively  small  quantity. 
Even  this  error  may  lie  eliminated  in  a  determination  of  the 
constant  of  aberration,  by  combining  observations  of  pairs  of 
stars  situated  in  opposite  parts  of  the  heavens:  the  obser- 
vations being  made  in  the  same  position  of  the  eve-piece. 
The  epoch  of  maximum  distance  of  one  of  these  pairs  coin- 
cides with  that  of  minimum  distance  of  the  other,  and  any 
error  due  to  instrumental  sources  will  appear  with  opposite 
signs  in  the  results  derived  from  the  two  pairs,  and  will 
hence  be  eliminated  from  the  mean. 

The  very  considerable  measure  of  precision  attained  in  the 
observations  with  the  perforated  cap  suggests  another  appli- 
cation of  it  which  seems  worthy  of  attention.  The  motion  of 
the  eye-piece  furnishes  a  means  whereby  an  artificial  double 
star  may  be  produced,  whose  components  shall  be  separated 
by  any  required  distance,  and  this  distance  may  be  accu- 
rately determined  by  measuring  the  displacement  of  the  eye- 
piece. So,  also,  the  position-angle  of  the  components  may 
be  varied  at  will,  by  rotating  the  cap  about  the  line  of  sight. 
The  comparison  of  a  series  of  measured  distances  and  position- 
angles  of  the  artificial  double  star  with  computed  values  may 
be  of  service  in  determining  the  observer's  systematic  error 
in  measures  of  this  kind.  Whether  such  application  can 
profitably  be  made  remains  a  subject  for  further  research. 
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KLLIPTIC    KL KM  i:\Ts   OF   COMET    L888  a, 


By  LEWIS  BOSS. 


Some  of  the  observations  used  in  the  calculations  of  this 
article  have  not  hitherto  been  published,  and  the  corrected 
epochs  :iik!  positions  of  all  of  them  are  accordingly  given  in 
the  following  table. 


Gr.  M.T. 

Cape  Feb.     IS.  6007 

Albany  March  17.9255 

Albany  March  24.9233 

Albany  March  30.9072 

Albany  April      6.8989 

Wash'n.  April    11.8729 

Albany  April    18.8547 

Albany*  April    28.8691 


a  1888.0 

o  f  // 

287  53  8.7 

319  '.)  15.7 

324  17  16.1 

329  28  38.1 

334  47  18.7 

338  25  45.5 

343  18  27.7 

349  17  11.2 


ft  1888.0 
o         I         II 

—56     3  50.7 

—  11  46  49.5 

—  5  16  59.8 
+  1  55  15.9 
+  9  12  57.9 
+  13  43  10.2 
+  19  12  7.3 
+  25  39  56.2 


question  of  ellipticity.     The  first,  second  and  seventh  of  the 
observations  at  the  head  of  this  article  lead  to  the  following 

o 

elliptic  elements  : 


Since  several  computers  have  already  shown  that  it  is  im- 
possible  to  harmonize  the  Cape  observation  with  those  made 
since  perihelion,  on  the  supposition  of  a  parabolic  orbit,  it 
will  first  be  necessary  to  find  whether  the  later  observations 
alone  are  consistent  with  a  parabola.  For  this  purpose  the 
calculation  is  based  on  the  second,  fourth  and  seventh  of  the 
observations  in  the  above  list.  The  observation  of  April 
18,  while  unexceptionable  as  to  the  equatorial  comparison, 
depends  upon  the  star  DM.  +19°  5048;  and  the  position  is 
known  only  from  two  Lalande  observations,  combined  with 
an  equatorial  comparison  with  a  star  in  Bessel's  zone  201. 
The  three  results  for  position  agree  very  well,  however. 
The  following  parabolic  elements  result: 

T=   1888  March  17.0137  Gr.  M.T. 
;to=   359°  57'    5". 5) 
9,  =   215    26  52  .8  f-  1888.0 
i  =      42    15     1  .Oj 
log  q  —  9.84452  1 

This  represents  the  observations  of  March  17  and  April 
18,  ami  compares  with  the  three  observations  designated  be- 
low—  in  the  sense  (C — O)  — as  follows  : 

J/.   t)  0 

Cape,      Feb.     18         —  26:>'.;i  +29'.5 

Albany,  March  30         +    19.5  —5.8 

Albany,  April      6          +    18.5  —  1.7 

Any  attempt  to  diminish  either  of  the  residuals  for  March 
3o  will  increase  the  other  in  a  rapid  ratio,  the  parabola  being 
essentially  normal  for  the  three  observations  used  in  calcu- 
lating the  elements. 

These  discrepancies  are  clearly  intolerable,  even  for  the 
observations  since  perihelion;  and  it  is  extremely  improbable 
that  any  such  error  as  is  indicated  in  the  Cape  observation 
was  actually  committed,  either  in  observation  or  telegraphic 
transmission.     It  therefore  becomes  of  interest  to  test  the 

*  Depends  on  Wf.iksk  377.     Bessel-  L  u..  =  -f-0s.45,  — 1  J".C. 


r  — 


W  := 

Si  = 

i  : 

log  e 


1888.0 


1888  March  16.9987 
:',5:iQ  54'  58".4  ) 
245    22   46  .6  f  16 

42    15   23  .1  ) 
9.997790 
log  q==  9.844329 

This,  of  course,  represents  the  three  observations  used, 
but  cannot  be  regarded  as  decisive,  unless  it  represents  ob- 
servations  not  used  in  the  calculation,  within  a  reasonable 
amount  of  error.  Following  is  the  result  of  comparison 
(C-O)  : 


Feb.     18 

March  17 
March  24 
March  30 


Ja 

it 

0.0 

+  0.3 

—1.2 

— 8.5 


JA 

o'.'o 

—1 .3 
—4.3 
—7.2 


Ja 

—6.7 

fl 

—2.6 

—5.8 

—0.1 

0.0 

0.0 

+  4.6 

+  6  6 

April  6 
April  II 
April  18 
April  28 

Taken  in  connection  with  the  discrepancies  for  parabolic 
elements,  these  residual  differences  indicate  that,  while  the 
eccentricity  is  probably  somewhat  larger  than  that  above 
found,  it  really  exists.  They  are  probably  in  large  part  due 
to  comparatively  small  errors  in  the  observations  of  Feb.  18 
and  April  18.  The  above  eccentricity  corresponds  to  a 
period  of  1615  years.  I  suspect  that  the  true  period  will  be 
decidedly  greater  than  2000  years. 

Following  are  the  heliocentric  equations: 

x  =  r  [9.898389]  sin(r  +  32s  :i  7.6) 
y  =  r  [9.999694]  sin(r  +  236  29  13.9) 
z  =  r  [9.787085]  sin.(v+323  12  17.9) 

and  by  the  aid  of  these  has  been  computed  the  following 

Ephemekis  foe  Greenwich  Midnight. 

log  r  log  A 

0.05786       0.19744 


18SS  App.  a  App.  ,N 

h 


May     2.5  2.".  27  55.8  +27  11      1 

3.5  23  30  17.2  28  12  49 

1.5  23  32  37.0  28  -):;  56       0.06851       0.20435 

;,..i  2:;  3  1    55.1  29  14  26 

6.5  23  37   12.1  29  11   2d       0.07897       0.21102 

7.5  2.".  :','.i   27.1  30  13    10 

8.5  23  41  -11.0  30  42  27   0.08923   0.21746 

W.:<  2.",  13  53.1  31  10  41 

10.5  23  li;  :;.7  31  :i8  :?:;   0.09928   0.22369 

11.5  23  48  12.7  32  5  35 

12.5  23  50  20.1  32  .",2  17   0.10914   0.22969 

13.5  23  52  25.9  32  :,s   30 

It. 5  2::  51  30.2  33  24  15   0.11880   0.23548 

15.5  23  56  32.9  +33  49  31 
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1888 

1pp.  a 

A  pp. 

3 

log  r 

log  A 

1888 

A  pp.  a 

App. 

3 

log  ?• 

log  A 

May    16.5 

23 

58  :'»4.1 

+  34 

14 

26 

0.12826 

0.24106 

June     1 .5 

0 

27   19.0 

+  40 

2 

24 

0.19730 

0.27864 

17.5 

0 

0  33.7 

34 

38 

52 

2.5 

0 

28  53.4 

40 

21 

32 

18.5 

0 

2  31.7 

35 

2 

54 

0.13753 

0.24643 

3.5 

0 

30  26.1 

40 

40 

25 

0.20516 

0.2*25i' 

19.5 

0 

4   28.1 

35 

26 

32 

1.5 

0 

31   57.2 

40 

59 

3 

20.5 

0 

i;  2:;. ii 

: '.  5 

49 

47 

0.14661 

0.25160 

5.5 

0 

33  26.6 

41 

17 

26 

0.21287 

6.28623 

21.5 

0 

8   16.3 

36 

12 

.",'.! 

6.5 

0 

34  54.4 

41 

35 

35 

22.5 

0 

10     8.1 

36 

35 

9 

0.15550 

0.25658 

7.5 

0 

36  20.5 

41 

53 

30 

0.22042 

0.28978 

23.5 

0 

11  58.3 

36 

57 

19 

8.5 

0 

37  44.9 

42 

11 

11 

24.5 

0 

13  46.9 

37 

19 

7 

0.16421 

0.26136 

9.5 

0 

.",:i     7.6 

42 

28 

39 

0.22783 

0.29317 

25.5 

0 

15  33.9 

37 

40 

36 

10.5 

0 

10  28.6 

42 

45 

54 

26.5 

0 

17  19.4 

38 

1 

15 

0  17274 

0.265'.)5 

11.5 

0 

41   4  7.S 

43 

2 

56 

0.23509 

0.29639 

27.5 

0 

19     3.3 

38 

22 

35 

12.5 

0 

43     5.3 

43 

19 

46 

28.5 

0 

20  45.6 

38 

43 

8 

o.  is  109 

0.27036 

13.5 

0 

44    21.1 

43 

36 

23 

0.24222 

0.29947 

29.5 

0 

22  26.4 

39 

3 

22 

1  1.5 

0 

15  35.1 

43 

52 

48 

30.5 

0 

24    :>.:, 

33 

23 

19 

0.18928 

0.27159 

15.5 

0 

46  47.5 

+  44 

9 

1 

0.24921 

0.30240 

31.5 

0 

25  c;.i 

+  39 

43 

0 

The  light-ratio  to  that  of  discovery  is  on    May  2.  0.195.  and  on  June   15.   (1.050. 
Albany,  1888  April  29. 


OBSERVATIONS   OF   COMET    1888a    (sawbrtsal), 

MAUI!    AT    THE    V.  s.    NAVAL   OBSERVATORY    WITH    THE   9.6   INCH    EQUATORIAL, 

ISv   Prof.  E.  FRISBY  and  W.  C.  WINLOCK. 


1888  Washington  M.T. 

* 

No. 
Comp. 

Ja 

-* 

#'sap 
a 

parent 

8 

log 
for  a 

?>A 

forri 

Obs. 

h        in         a 

111            9 

(       " 

ii 

ill          a 

o 

r 

// 

s 

II 

Apr 

.  11   15  59  30. 

1 

19  .    1 

—1   35.46 

—14   18.8 

22 

33  42. .S5 

+  13 

43 

3.0 

• 

2 

17  ,A 

—2  40.62 

—12  33.2 

22 

3:1  43.58 

+  13 

i:; 

10.5 

n9.664 

0.709 

F 

3 

15  ,  4 

—5    12.7H 

+    1    10.0 

22 

33  43.75 

+  13 

43 

9.5 

• 

"    16  26    3.5 

4 

15  ,  3 

+  0  26.15 

—  2  58.9 

22 

:;:;  45.60 

+  13 

43 

59.1 

w9.651 

0.684 

F 

16   16    4  52. 

5 

+  0  26.75 

+   s  22.6 

22 

47  49.82 

+  17 

44 

24.9 

7*9.668 

0.673 

F 

2:;   17  16  28. 

6 

29  ,  6 

—1    12.38 

—  5  52.7 

23 

6  34.1:; 

+  22 

37 

48.4 

ji9.669 

0.620 

W 

Mean    Places  for   1888.0  of  Comparison-Stars. 


* 

Bed.  to 

Red.  to 

a 

app.  place 

8 

app.  place 

Authority 

h         ni       9 

o        /            // 

ii 

1 

22  35  19.20 

— 0.89 

+  13  57  30.9 

—  9.1 

!  ( \V.lJi'sst'l+  Kiimker  +  Lam.+2  Grant) 

2 

22  36  25.09 

—0.89 

+  13  55  52.9 

—  9.2 

.',  (  W.Bessel+Riimker+Lamont) 

3 

22  38  57.44 

11.91) 

+  13  42     8.2 

—  8.7 

S  (  W.Bessel+2  Grant 

4 

22  33  20.34 

— 0.89 

+  13  47     7.1 

—  9.1 

Weisse's  Bessel 

5 

22  47  23.86 

—0.79 

+  17  36   12.0 

-  9.7 

Bonn  Obs.  VI,  +  17°  4822 

6 

23     7  47.55 

—0.74 

+  22  43  51.7 

—10.6 

Bonn  Obs.  VI,  +22°  4793 

NEW   ASTEROIDS. 

A  planet  of  the  eleventh  magnitude  was  discovered  on  the  15th  of  April,  by  Palisa,  at  Vienna,  being  the  two  hundred 
and  seventy-fifth  asteroid. 

Another,  the  two  hundred  seventy-sixth,  was  also  discovered  by  Palisa,  April  17. 

The  observations,  as  transmitted  telegraphically  by  Dr.  Krueger,  through  the  Science  Observer  Code,  are  as  follows  : 

1888  April  15.5190  Greenw.  M.T.         a  =  189°  46'         8  =  +3°  29'  Daily  motion,  —40s  in  a,  and  0°  4'  northward 

1888  April  17.5287  Greenw.  M.T.  a  =  21 1°  IP  2"     S  =  —12°  34'  51"     Daily  Motion,  —44s  in  a,  and  0°  IP  northward 
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ON    A    NEW   VARIABLE   OF   LONG   PERIOD, 


Observations  during  the  lasi  month  seem  to  establish  be- 
yond doubl  the  variability  of  this  star,  which  was  suspected 
to  be  variable  by  Dr.  Gould,  from  the  fact  that,  although  it 
was  estimated  in  1871,  at  Cordoba,  as  7M.:;.  it  was  invisible 
ou  three  other  occasions  with  the  opera-glass.  It  was  not 
included  in  the  Uranometria  Argentina. 

On  April  2  of  the  present  year  the  star  attracted  my 
attention,  being  found,  by  careful  comparison  with  its 
neighbors,  to  be  only  9M.0  or  9M.l,  while  it  was  given  as 
6M.7  in  the  SDM.  The  star  is  of  the  must  vivid  red.  1 
know  of  but  two  or  three  other  variables,  such  as  I '  Cygni  and 
s  Cephei,  which  exceed  it  in  intensity  of  color.  The  vari- 
ations during  the  past  month  have  been  very  slight,  and  it 
manifestly  belongs  to  the  class  of  long-period  variables.  In- 
deed, a  collation  of  all  the  known  estimates  of  its  magnitude 
seems  to  indicate  that  the  period  is  over  500  days,  and  con- 
sequently among  the  longest  known.  These  estimates  are 
here  given,  for  convenience  in  any  future  discussion  of  the 
period. 


Hii.   44m  34.  _2o°  28'.8   (1855.0) 

By  S.  C.  CHANDLER,  Jr. 

1871  July      6 

1873  April  20 

"    June     9 


7.3  mag.         Cordoba 
7       ••  Birmingham 

Invisible  in  O.G-.  Cordoba 


"    Aug.  14 

1 

t              i:              a 

1874  Jan. 

a 

i             u             a 

"    May     8 

8 

mag. 

Birmingham 

Fine  red 

1876  Mar.  22 

7.2 

" 

Copeland 

Brown  red 

"    April    1 

7 

t ; 

Birmingham 

"    April  30 

7  .5 

(I 

a 

Ruby 

1877  May 

8 

. ; 

Cordoba 

1879  Feb.  22 

6.0 

'• 

Copeland 

( lopper  red 

"    Mar.   19 

6.8 

" 

7:i7  Mar. 

19 

6.7 

mag. 

Lalande 

Bien  rouge 

851    Feb. 

1.") 
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There  are  besides  four  observations  of  it  in  the  Cordoba 
<  i-eneral  Catalogue,  8M. 

From  these  data,  in  connection  with  my  own  observations, 
I  infer  the  hypothetical  elements. 

1873  March   +   535  days, 
which,    however,    rest    ou    an    exceedingly    slender    basis. 
Direct  observations  must  be  awaited  to  establish  the  period 
with  any  certainty.     The  Cordoba  data  seem  to  afford  good 
evidence  that  the  period  is  not  less  than  a  year. 


bridge,  1888  May  ■".. 


ELLIPTIC   ELEMENTS   OF   COMET    1888a, 

By  Re\  .  GEORGE  M.   SEARLE. 

tion  made  for  the  last  hypothesis),  and  the  period  equal  to 
1 1!  IS  years. 

The  middle  place  is  represented  as  follows.  (O— ( 


I  have  computed  the  following  elliptic  elements  of  Comet 
1n.sk  i7.  by  the  method  given  in  No.  162  of  this  Journal,  from 
the  Cape  observation  of  Feb.  18,  the  Albany  observation 
of  March  17,  and  one  made  at  the  observatory  of  Harvard 
College  on  April  16,  by  Mr.  Wendell. 


T=  1888  March  16.99894  <  ireenw.  M.T. 

Q,  =  245°  23'    1"..V) 

03  =  359    54  55  .3  [■  1888.0 

i  =  42    15  21  .0) 

log  q  =  9.844330 

e=  0.9949912 

from  which  we  have  log  a  =  2.11 16  (this  was  the  assump- 
New  York,  1888  April  28. 


j;.  = 


-2".9 


J,  =   +2".6 


It  could  easily  be  more  accurately  represented  without 
much  change  in  the  elements  ;  but  it  seems  quite  plain  that 
unless  the  Cape  observation  is  in  error,  it  cannot  be  by  any 
parabolic  orbit,  which  will  always  give  too  small  a  radius  vec- 
tor for  the  middle  place,  and  consequently  a  negative  0 — C 
in  /..  It  may  be  remarked  that  the  position  of  the  orbit  is 
remarkably  favorable  for  the  manifestation  of  ellipticity, 
should  it  exist. 
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OUSEKVATIONS  OF   SUN-SPOTS, 


By   EDWIN    F.    SAWYER. 


The  following  observations  of  sun-spots  were  made  during 
the  years  1872-3  and  '74,  using  a  2£-inch  refractor  by  Bar- 
dou,  and  a  magnifying  power  of  about  (10.  In  making  the 
observations,  direct  vision  was  generally  resorted  to,  although 
a  diagonal  eye- piece  was  occasionally  employed,  using  a  com- 
bination of  green  and  red  shade-glasses.  With  the  exception 
of  the  months  of  February,  March  and  April,  1873,  when 
other  duties  permitted  only  occasional  observations,  and  the 
months  of   November  and  December  of  the  same  year,  when 


they  were  wholly  discontinued,  the  sun's  disc  was  scrutinized 
on  every  clear  day. 

The  observations  are  given  in  tabular  form,  as  the  lust 
suited  for  publication  here,  although  the  original  work  in- 
cluded careful  drawings  of  the  sun's  surface  on  each  day. 

In  publishing  the  observations  at  this  late  day,  it  is  done 
in  the  hope  that  they  may  prove  of  some  value  in  filling  gaps 
iu  similar  series  by  other  observers. 

The  letters  a  and  /i  denote  a.m.  and  p.m.  respectively. 
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NUMBER   OF   SUX-SPOTS.   1884-1886, 

By   WILLIAM   DAWSON. 


The  object-glass  used  in  these  observations  lias  an  aper- 
ture of  4.6  inches,  ami  about  70  inches  focus;  it  was  made 
by  A.  Clark  &  Sons,  and  mounted  equatorially  by  myself. 
Previous  to  May.  1*7*.  I  used  a  direct  eye-piece,  a  two-inch 
diaphragm  over  the  object-glass,  ami  a  red  shade  on  the 
occular.  Since  then  I  have  used  a  reflecting  prism  and 
neutral  shade,  with  full  aperture,  obtaining  liner  views.  The 
100-power  eve-piece  was  generally  used,  ami  mostly  at  from 

■S   to   9   A.M. 


On  August  27.  1870,  I  saw  14  groups  and  counted  950 
spots,  with  the  power  of  200;  and  300  spots  with  the  power 
of  50.  I  think  this  was  the  maximum  of  that  period.  In 
1871-7S.  1  left  off  counting  the  spots  on  account  of  failing 
eyesight,  simply  noting  the  number  of  groups,  large  and 
small.  Observations  were  much  neglected  in  1*74-77.  I 
estimate  that  I  have  seen  about  40  different  sun-spots  with 
the  naked  eye  —  their  diameters  (umbrae)  ranging  from 
about  8.000  to  35,000  miles. 
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A  sort  of  summary  of  these  observations,  up  to  1879,  was 
published  iu  the  Kansas  City  Review,  Vol.  III.  No.  1  (May. 
1879  )  :  and  the  table  of  observations  to  July.  1884.  was  pub- 


lished in  the  Sidereal  Messenger,  No.  26,  p.  171  (August, 
1884). 
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Mar.     3 

10 

6 

75 

4 

v  1  g  at  E  side 

12 

noon 

2 

50 

3 

•• 

9 

10 

1 

32 

4 

8  1  s  W  taeniae 

13 

10 

2 

10 

3 

lg  near  W  edge 

11 

3 

5 

30 

5 

1  s  at  E  edge 

14 

lOf 

4 

16 

3 

2  new  g  E  edge 

16 

11 

1 

20 

4 

16 

11 

1 

10 

3 

the  g  near  E  edge 

22 

11 

0 

0 

1 

18 

H 

4 

41 

3 

2  g  near  W  edge 

27 

in 

3 

40 

4 

1  g  E  :   1  W 

20 

8| 

5 

28 

3 

4  g  of  the  1  on  16th 

31 

noon 

2 

40      4 

uew  s  at  E  edge 

22 

iH 

4 

28 

3 

new  s  E  side 

April    1 

9 

2 

10      4 

1  g  S  of  center 

23 

n 

I 

45 

2 

4 

3 

several  s  iu  each  g 

25 

9 

8 

80 

4 

3  v  1  spots 

5 

10 

3 

35 

4 

line  grs  E  and  \V 

28 

9 

4 

70; 

1 

new  g  at  E  edge 

6 

101 

5 

45 

3 

new  g  W  and  1  E 

30 

IU 

3 

85 

3 

8 

U* 

3 

53 

2 

10  1  s  N  of  center 

31 

12J 

3 

52 

3 

12 

H 

4 

83 

3 

long  g  W  side 

Nov.     6 

H 

1 

1 

2 

s  near  W  edge 

20 

9* 

2 

13 

3 

s  all  E  of  center 

7 

9 

1 

1 

n 
0 

22 

9i 

3 

23 

3 

new  g  at  E  edge 

8 

9 

0 

0 

3 

27 

•? 

5 

20 

1 

9 

9 

2 

10 

3 

1  2  near  center  :    1  E 

28 

9* 

5 

45 

4 

1  s  at  E  side 

9 

n 

3 

25 

4     s  growing  fast 

Mav     3 

101 

5 

30 

i 

v  1  s  near  center 

10 

w'i 

1 

33 

3 

s         ■•          ••   iu  size 

7 

10 

6 

45 

2 

flue  show  ;  s  are  1 

11 

2 

7 

47 

3 

3  new  g  E  side 

14 

8 

3 

12 

5 

s  all  near  W  side 

12 

1* 

6 

40 

3 

26  s  in^l  2 

17 

9 

2 

28 

5 

s  all  near  E  side 

13 

9i 

7 

43 

4     24  s    "    g 

18 

H 

4 

33 

5 

v  1  s  E  side 

14 

9* 

5 

50 

4 

19 

82 

4 

34 

1 

15 

9* 

6 

28 

4 

1  g  near  W  edge 

23 

m 

6 

50 

3 

p  50  :  5  s  are  large 

16 

9 

6 

10 

4     Is  near  E  edge 

28 

10 

8 

52 

5 

v  fine  show 

16 

1 

7 

14 

■"' 

29 

10| 

7 

28 

1 

19 

lOf 

3 

28 

3 

31 

10 

5 

25 

3 

2  g  at  W  edge  ;   2  E 

'      21 

10 

4 

Gl 

4 

5  1  spots 

June     2 

12>. 

5 

45 

2 

Dec.     2 

10£ 

4 

66 

4 

1 

81 

.". 

85 

2 

v  1  s  near  E  edge 

4 

11 

4 

43 

4 

1  s  at  E  edge 

8 

8 

5 

60 

3 

8 

91 

5 

14 

3 

9 

n 

2 

52 

1 

2  s  vis  to  uaked  eye 

18 

m 

4 

11 

1 

power  50 

11 

H 

7 

70 

5 

1  s  v  easy  to  naked  eye 

26 

m 

4 

25: 

3 

1  s  near  center 

16 

H 

10 

150 

1 

28 
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Date. 

Hour. 

Gp. 

Spots 

\vt. 

Notes. 

Date. 

Hour. 

Gp. 

Spots 

\vt. 

Notes 

1885  June  L9 

h 

5 

4 

135 

3 

1  s  v  easy  to  naked  eye 

1886  Feb.  20 

h 

noon 

2 

11 

2 

p  50  :  grs  near  center 

22 

8§ 

4 

95 

3 

1  v  1  tr.  1  s  vis  naked  eye 

2.". 

2 

o 

ii 

3 

23 

n 

•"» 

100 

3 

the  1  s  is  breaking 

Mar.     1 

noon 

.". 

45 

3     prominent  g  E  side 

30 

n 

•"> 

85 

1 

[  g  W  side ;  no  1  s 

3 

2 

4 

70? 

2     1  s  in  g  E  side 

Julv     2 

H 

5 

115 

1 

85  s  near  K  side 

4 

H 

5 

100? 

3      big  show  of  s 

3 

8 

•". 

13  ii 

•"> 

1  25  s  near  E  side 

6 

ll| 

6 

60 

1      p  .",o  :    lols 

5 

8 

3 

.so 

.". 

Ills 

11 

9 

1 

i 

3     1  v  1  s  near  W  edge 

6 

8i 

.". 

'.HI 

.■; 

101s 

15 

9* 

2 

i 

.">      best  air  this  winter 

7 

H 

3 

80 

4 

1  s  vis  to  naked  eye 

16 

noon 

2 

6 

2     1  s  at  W  edge 

12 

i\ 

4 

35 

4 

19 

9i 

4 

15 

4 

13 

H 

4 

Hi 

3 

5  s  are  1 

22 

11 

2 

22 

3     g  each  side  of  center 

15 

8J 

5 

63 

3 

4  1  s  in  1  penumbra 

April    7 

10 

3 

28 

2     1  s  S  of  center 

17 

5 

7 

85 

3 

1  s  close  to  E  edge 

8 

11 

3 

15 

3 

19 

9 

6 

70? 

■> 

8  s  are  1 

13 

8! 

0 

0 

3 

23 

9 

6 

58 

1 

1  s  S  of  center 

17 

9 

2 

4 

4     1  s  near  E  side 

24 

8 

6 

45 

4 

"  vis  to  naked  eye 

20 

9 

•"i 

17 

4 

1  s  at  E  edge 

25 

7| 

5 

43 

5 

"   smaller 

21 

9 

r, 

22 

5 

4  s  are  1 

27 

8i 

4 

Hi 

3 

"   still  waning 

2.", 

9 

6 

25 

5 

29 

8 

4 

25 

2 

"  close  to  W  edge 

25 

9 

4 

30 

4     Is  resembles  N  Guinea 

Aug.    9 

9 

4? 

57 

4 

May     2 

10 

4 

60 

4     lgWof  center 

12 

n 

4 

50 

.•; 

7  s  prominent 

:; 

10 

4 

75 

4 

13 

n 

5 

70 

3 

new  1  s  at  E  edge 

5 

H 

3 

55 

4 

15 

84 

5 

:,."i 

3 

6 

104 

3 

80 

5     70  s  in  1  g 

16 

8i 

4 

28 

3 

'J 

5 

1 

48 

3 

19 

8 

4 

18 

2 

16 

8 

0 

0 

5 

20 

84 

4 

15 

4 

18 

noon 

1 

2 

5     s  are  v  small 

22 

10 

3 

10 

3 

1  s  near  W  edge 

19 

8 

1 

3 

4     s  all  small 

23 

3 

15 

3 

19 

2 

1 

4 

3     1  pretty  1  s 

24 

8 

2 

8 

1 

7  s  E  ;   1  W 

20 

8 

1 

4 

5     s  all  small 

26 

8 

3 

:',4 

3 

new  g  W  :    1  E 

21 

n 

3 

~< 

4     1  s  at  E  edge 

28 

74 

5 

64 

■  i 

row  of  g  S  equator 

2:', 

8 

2 

4 

3 

29 

Si 

5 

70 

3 

12  s  prominent 

28 

8 

.". 

6 

5 

:;n 

9 

5 

63 

4 

1  !  s  prominent 

29 

8 

3 

9 

."i     tine  1  s  5000  in  diam. 

Sept.    2 

'! 

5 

58 

4 

2  1  s  near  center 

30 

8 

4 

25 

4     1  s  5'  from  W  edge 

6 

8 

4 

20 

3 

7  1  s 

31 

8* 

•"> 

13 

o     great  diminution 

11 

H 

3 

20 

■  i 

2  s  vis  to  naked  eve 

June     1 

6f« 

2 

3 

2      1  s  close  W  edge 

14 

9 

3 

32 

3 

2  s     ■• 

4 

n 

3 

70 

4     1  g  E 

15 

8£ 

3 

16 

4 

2  s 

6 

~<h 

4 

55 

3      1  s  like  a  bird 

20 

9 

■> 

5 

4 

s  all  little 

14 

0 

0 

22 

7f 

.-; 

11 

3 

22 

Hp 

1 

25 

4 

Oct.      4 

7-: 

3 

12 

■> 

1  1  s 

23 

v. 

4 

2o 

3 

G 

9 

3 

28 

3 

v  1  s  s  iif  center 

24 

■"• 

3 

10 

4 

in 

3 

4 

35 

3 

2.-, 

8 

4 

10 

4 

new  g  at  E  edge 

11 

H 

4 

24 

4 

26 

8 

2 

5 

5 

new  g  vanished 

15? 

1 

1 

1 

little  s  E  side 

27 

5 

16 

3 

vis  in  a  new  g  E 

30 

9 

4 

27 

■> 

long  row  of  1  s 

28 

8 

4 

19 

4 

2  prom,  s  vanished 

Nov.    3 

1 

2 

3 

3 

sq  s  W  iif  center 

2'.' 

:i 

:; 

30 

4 

20  s  in  a  semi-circle 

15 

H 

4 

30? 

2 

1  s  vis  to  naked  eye 

30 

84 

3 

50 

3 

1  s  8000  m  long 

16 

noou 

4 

18 

1 

Julv     3 

8i 

;; 

35 

3 

v  1  s  nearly  roumd 

Dec.    15 

■> 

1 

7 

1 

p  50  ;  air  v  poor 

4 

;i 

3 

:;.-, 

4 

16 

in 

1 

10 

2 

-  s  of  center 

~> 

- 

.". 

18 

•"' 

1  s  breaking 

20 

3A 

3 

6 

1 

p  .Mi.  ."i  s  E.  1  W 

9 

1 

2 

3 

1  s  near  W  edge 

21 

1 

3 

.i 

2 

n 

84 

0 

ii 

4 

26 

n 

3 

11 

2 

1 ,  51 1 

12 

8 

0 

o 

3 

27 

12§ 

3 

2.". 

3 

14 

•"> 

2 

."> 

4 

s  all  near  W  edge 

1886  Jau.      1 

9£ 

2 

25 

4 

1  g  E  ;    1  g  W 

1.-. 

s 

1 

1 

3 

s  at  E  edge 

6 

noon 

3 

.".  I 

■> 

1  s  near  center 

16 

8i 

2 

9 

4 

new  s  E  edge 

17 

9  a 

• 

2 

10 

1 

I  s  E  side 

17 

74 

3 

24 

4 

22  s  in  1  g 

Feb.      1 

H 

1 

6 

2 

g  near  W  side 

18 

2 

13 

4 

42  s        ■ 

8 

I 

3 

22 

.", 

1  g  E  (if  center 

19 

7.1 

1 

50 

4 

1  s  5000  m  diameter 

16 

uoon 

1 

3 

3 

p  50  :   g  at  W  edge 

21 

9~i  , 

2 

la 

5 

1  s  near  8000 diameter 
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Date. 

Hour. 

Gp. 

Spots 

Wt 

Notes. 

Date. 

Hour. 

Gp. 

Spots 
19 

Wi. 

Note~. 

1886  Julv  22 

h 

8 

2 

38 

1 

1  s  divided  in  3 

1886  Sept.    7 

i. 
11 

2 

3 

new  g  below  other 

23 

H 

2 

35 

3 

8 

*V 

;'. 

11 

2 

new  s  near  E  edge 

24 

7.1 

2 

35 

3 

1  s  divided  in  4  s 

Id 

H 

5 

15 

4 

1  s  at  W  edge 

25 

7* 

4 

28 

5 

1  s  near  E  edge 

11 

8* 

3 

25 

4 

26 

8| 

5 

20 

3 

s  1'  from  W  edge 

13 

8 

4 

31 

2 

'28 

8 

4 

35 

3 

6  s  v  prominent 

17 

4 

3 

31 

3 

29 

n 

4 

25 

3 

a  1  s  breaking 

20 

8 

2 

15 

4 

31 

7 

3 

32 

3 

1  g  NW  center 

22 

54 

1 

2 

1 

[i  50  ;  g  at  center 

Aug.    2 

75 

3 

38 

1 

2  1  s 

24 

8f 

0 

0 

3 

no  faculae 

4 

8 

4 

32 

4 

1  Is 

25 

*.!• 

1 

5 

5 

g  W  ;  faculae  E 

8 

n 

'l 

6 

4 

g  8'  from  W  edge 

29 

s 

0 

0 

3 

9 

n 

r 

8 

3 

Oct.      1 

'•'! 

1 

2 

3 

10 

8 

2 

6 

3 

3 

H 

1 

6 

3 

11 

8 

3 

in 

•  > 

1  s  E.  side 

15 

i.1, 

1 

10 

3 

15 

5 

1 

5 

3 

2  1  s  N  center 

16 

id" 

1 

15 

4 

4  1  s 

19 

9 

2 

3 

4 

s  waning 

17 

■v, 

1 

15 

3 

4  1  s 

22 

9 

1 

1 

3 

little  -  1. 

18 

■s] 

1 

13 

3 

s  growing  less 

24 

^ 

0 

0 

3 

20 

n 

0 

0 

3 

25 

8* 

1 

5 

5 

g  10'  from  E  edge 

22 

9 

1 

2 

3 

s  near  W  edge 

26 

11 

1 

14 

4 

2  s  are  large 

23 

9 

1 

2 

5 

1  s  near  E  edge 

27 

8 

1 

14 

4 

much  change 

24 

9 

1 

4 

3 

2  s  prominent 

28 

8 

1 

10 

4 

31 

9 

0 

(I 

3 

29 

8 

1 

6 

4 

Nov.     1 

8i 

0 

(1 

3 

31 

8 

1 

6 

3 

new  g  E  :  2  a  large 

23? 

0 

0 

2 

Sept.    l 

8^- 

1 

12 

3 

2  8  are  1 

Dec.      1 

noon 

u 

0 

3 

3 

n 

1 

15 

4 

1  s  are  1 

5 

2J- 

0 

0 

2 

4 

8 

1 

24 

3 

g  at  center 

7 

2" 

0 

0 

2 

5 

8 

1 

24 

3 

20 

2 

1 

7 

2 

g  at  W  edge 

6 

8} 

1 

15 

3 

Spiceland,  Indiana,  1888  March  12. 


OBSERVATIONS   OF   SAPPHO   ©, 

WITH    THE    l.V.-IM'U    EQUATORIAL    OF    THE   WASHBURN    oI'.M  l:\   iTORY, 

By  GEORGE  C.  COMSTOCK. 


Date. 

( Drop. 
Star. 

Madison  M.T. 

(§)  — * 
R.A. 

No.  of 

Comp. 

log  y<A 

(§)— * 
Dec. 

No.  of 
Comp. 

log  pA 

1888   April 

2 

17 

h       m       s 

12  56  54 

111            S 

+  1   38.68 

6 

8.603 

'       it 

" 

3 

17 

11    33     7 

+  0    is. 27 

6 

„9.076 

4  i 

(< 

17 

11  :;;;  19 

+  4   58.3 

5 

0.861 

a 

10 

13 

11  43   15 

—3   15.2 

6 

0.861 

•• 

tl 

13 

11   51    59 

+  0   13.1.", 

9 

«8.426 

a 

11 

13 

11   44  36 

—0  42.43 

8 

M8.391 

It 

13 

11    4  5    15 

+  5     9.2 

4 

0.*5. 

a 

19 

8 

ii  :;i  :,:< 

+  0  35.22 

8 

8.456 

a 

;t 

8 

11  32   15 

+  3  42.3 

7 

0.854 

Each  comparison  in  R.A.  consists  of  a  transit  of  planet 
and  star  over  three  threads,  eye  and  ear. 

The  observations  have  been  corrected  for  differential 
refraction. 

The  numbers  of  the  comparison-stars  refer  to  Bryant's 
list,  R.  Astr.  Soc.  M.N.  Vol.  XLVI1I,  No.  3. 


Approximate  places  for  1888.0,  of  the  comparison-stars. 


are 

No. 
17 

a 

ll          111         s 

13  27  26.12 

8 
— 13°  40' 13.5 

Weisse's  Bessel ;  Santini 

13 

13  21  35 

—  12  35.5 

SDM.  12°  3819 

8 

13  12  56.35 

—11  25  30.0 

Weisse's  Bessel  ;  Santini 

30 


THE     ASTRONOMICAL     JOURNAL. 


N"   172. 


EPIIEMERIS   OF   TILE   OLBERS   COMET, 

By  N.  M.  PAERISH. 
[Communicated  by  Prof.  Obmond  Stone.] 


Date. 

a 

S 

log  r 

log  A 

Date. 

a 

d 

logr 

log  A 

1SSS 

h        in         s 

o         | 

1888 

h        In         s 

O            ( 

May    5 

18      1      7 

—  13   40.7 

0.4797 

0.3179 

.Time    3 

17  31  42 

—17   25.4 

6 

:\   l :! 

13  53.9 

4 

30  28 

17  32.X 

7 

2   18 

14      1.1 

5 

29    15 

17  40.2 

8 

1   22 

13     8.5 

6 

28     2 

17  47.5 

0.5238 

0.3677 

9 

0  24 

14   15. 8 

0.4856 

0.3475 

7  . 

26  49 

17  54.8 

10 

17  59  25 

14  23.3 

8 

25  35 

18     2.T) 

11 

58  25 

14   30.8 

9 

24  23 

18     9.2 

12 

57   24 

14   38.3 

10 

23   10 

18  16.4 

0.5289 

0.3742 

13 

56   21 

14   45.8 

0.491.", 

0  3478 

11 

21   59 

18  23.5 

14 

55   18 

14  53.4 

12 

20  47 

18  30.5 

15 

54    14 

15     1.0 

13 

19  37 

18  37.5 

16 

53     9 

15     8.6 

1  1 

18  26 

18  44.4 

0.5340 

0.3815 

17 

52     2 

15   16.2 

0.4969 

0.3489 

15 

17  ii; 

18  51.3 

18 

50  55 

15  23.8 

16 

16      7 

18  58.1 

19 

49  49 

15  31.5 

17 

14  59 

19     4.9 

20 

48  38 

15  39.1 

18 

13  50 

19   11.6 

0.5389 

0.3897 

21 

4  7  28 

15  46.8 

0.5025 

0.3508 

19 

12  45 

19   18.2 

22 

46   18 

15  54.4 

20 

11   39 

19  24.8 

23 

45     7 

16     2.0 

21 

10  35 

19  31.3 

24 

i:;  55 

16     9.6 

22 

9  31 

19  37.8 

0.5438 

0.3986 

25 

42  43 

16   17.2 

0.5079 

0.3538 

23 

■s    29 

19  44.2 

26 

41   31 

16  24.9 

24 

7   27 

19  50.6 

27 

40  18 

16  32.6 

25 

6  26 

19  56.9 

28 

39     5 

10  40.2 

26 

5  25 

20     3.1 

0.5487 

0.4081 

29 

37  51 

16  47.8 

0.5133 

0.3574 

27 

1   27 

20     9.2 

30 

36  37 

16  55.5 

28 

3  29 

20  15.3 

31 

35  22 

17     3.0 

29 

2  33 

20  21.3 

June    1 

34     9 

17   10.5 

30 

17     1   37 

—20  27.3 

0.5534 

0.4182 

2 

17  32  55 

—17   18.0 

0.5186 

0.3621 

This  epherneris  is  in  continuation  of  that  given  by  Mr.   Muixeb  in   Xo.    167. 

The  computed  brightness  for  May  5,  is  0.18;  for  May  29,  0.15;  and  for  June  30,  0.09  ;  that   of   1887  August  27. 
being  still  taken  as  the  unit. 

Leander  McCormick  Observatory,   1888  May  8. 


OBSERVATIONS   OF   COMET   1888  a, 

MADE    AT    D.S.    NAVAL   OBSERVATORY    WITH    THE   9.6-INCH    EQUATORIAL, 

By  Prof.  E.  FRISBY  and  II.   P.  TUTTLE. 
[Communicated  by  the  Superintendent,] 
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Mean  Places  for  1888.0  for  Comparison- Stars. 

* 
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Red.  to 
app.  place 

5                         Red.  to 
"                    app.  place 

Authority 
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Weisse's  Bessel,  XXIII,  233,  4 
':           "       XXIII,  517 
"       XXIII,  524 

The  observation  of  March  29  (A.J.  Xo.  16'J),  was  in  error  20s;  in  place  of  21h  55"'  12s. 0,  read  21h  54m  52s.O 


OBSERVATIONS   OF   COMET   1888  a, 

AT  THE  ARGENTINE  NATIONAL  OBSERVATORY, 

By  JOHN  M.  THOME. 


The  accompanying  observations  were  made  with  the  equa- 
torial of  1 1  inches  aperture  and  the  filar  micrometer.  The 
object  was,  throughout  the  series,  a  very  fine  one  for  observ- 
ing, aud  though  not  imposing  to  the  naked  eve.  the  greatest 
length  of  tail  being  only  about  5°,  presented  a  splendid  coma 
and  tail  in  the  telescope.  During  the  first  half  of  the  series, 
the  tail  seemed  uniformly  dense  in  breadth,  but  latterly  the 


sides  have  faded,  aud  a  bright-colored  streak,  extending 
from  the  nucleus,  predominated  along  its  axis.  The  nucleus 
was  elliptical,  and  in  the  proportion  of  3  to  2.  Upon  the 
18th,  the  comet,  as  seen  by  the  naked  eye,  was  as  bright  as 
a  3£  mag.  star.  The  observations  were  all  made  at  the  end 
of  the  regular  night's  work,  when  what  Lacaille  called 
I'envie  de  dormir  was  very  great. 


1888  Cordoba  M.T. 
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Mean   Places  for  1888.0  of  Comparison-Stars. 
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OBSERVED  MAXIMA   OF   R  VIRGINIS  AND    T  URSAE  MAJORIS, 

By  PAUL  S.  YENDELL. 


R   Virginis. 

Owing  to  bad  weather,  I  have  obtained  only  twelve  obser- 
vations of  this  variable,  extending  from  March  7  to  April 
27.  and  indicating  a  maximum  on  March  31. 

At  maximum  brightness  it  was  4  to  5  steps  <  DM.  9°2549 
(  A'  Virginis),  or  about  6M.2. 

7'  Ursae  Majoris. 
A  maximum  of  this  star  is  indicated  by  fourteen  obser- 
Dorclicster,  Mass.,  1888  May  7. 


vations,  beginning  March  7,  and  extending  until  May  2. 
When  first  seen,  it  was  estimated  to  be  about  10".5  ;  but  its 
brightness  rose  rapidly,  and  with  a  considerably  accelerated 
increase,  until  April  3,  when  it  was  a  rather  faint  7M.5. 
It  remained  at  this  brightness  until  April  16,  a  period  of 
13  days;  the  decrease  being  at  first  quite  rapid.  The  star 
will  be  further  watched,  in  order  to  follow  out  the  curve  of 
its  decrease,  and,  if  possible,  fix  the  minimum. 


NEW  ASTEROIDS, 

A  planet  of  the  thirteenth  magnitude  was  discovered  by  Charlois,  at  Nice,  on  the  third  of  May.     The  observation,  tele- 
graphically communicated  by  the  Science  Observer  Code,  is  as  follows: 

1888  May  3.5170  Gr.  M.T.         a  =  205°  31'  36"         S  =  —11°  13'  43".  Daily  motion,  —44s  in  «,  and  4'  northward. 

This  is  the  two  hundred  seventy-seventh  asteroid. 


Another  was  discovered  by  Borrelly  at  Marseilles,  who  estimated  it  as  of  the  eleventh  magnitude.    The  observation  gives 
1888  May  12.4336  Gr.  M.T.         a  =  247°  55'  40"         8  =  —21°  47'  6"  Daily  motion,  —56",  and  3'  northward. 

This  is  perhaps  Xantippe,  no.  156. 

Asteroids  nos.  269  and  273  have  received  the  names  Justitia  and  Atropos  respectively. 


NOTICE. 

Mr.  GrazEL,  in  Berlin,  desires  to  give  notice  that  he  purposes  computing  the  orbit  of  the  Olbers  comet  (1887?'),  and 
asks  that  any  yet  unpublished  observations  of  this  comet  be  made  public  as  soon  as  possible. 


CORRIGENDA  IN  No.  171. 


Page  18,  col.   1,  line  12,  from  bottom,  for  (13)  put  (14). 

21,  col.   1,  line    7,  for  number,  put  member. 

"     col.  2.  line  20,  for  equation  (19),  put  equations  (19)  and  (20). 

"     col.   2.  line  21,   for  d.  put  ^ 
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OBSERVATIONS   OF   EUKRATE  (247), 

MADE   AT   THE   ARGENTINE   NATIONAL   OBSERVATORY,    CORDOBA, 

By  JOHN  M.  THOME. 
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Adopted  Mean  Places  for  1887.0  of  Comparison- Stars. 
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Notes.  —  Sept.  8,  through  clouds.     Sept.  21,  high  wind,  telescope  unsteady.     Dec.  6,  9,  10.  very  faint.     Dec.  15,  barely  visible. 
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a  stuits:  op  the  residual 

By  ORRAY 

The  C — O  for  each  complete  observation  of  Mercury,  as 
given  in  the  published  observations  of  the  observatories 
of  Washington  (1861-1882),  Paris  (1856-1881),  Radcliffe 
t-1877),  and  Greenwich  (1864-1883),  have  been  con- 
verted into  their  values  in  longitude  and  ecliptic  polar  dis- 
tance, and  gathered  into  the  groups  for  each  thirty  degrees  of 
the  planet's  true  anomaly.  Each  group  lias  again  been  sub- 
divided according  to  the  position  of  the  earth  at  the  moment 
of  observation,  and  the  resulting  means  are  presented  in  the 


DISCORDANCES   FOR   MERCURY, 

T.  SHERMAN. 

following  tallies.  The  first  column  presents  the  value  of  the 
planet's  true  anomaly.  The  second  and  sixth  the  values  of 
the  earth's  true  anomaly  which  bound  the  portion  of  its  orbit 
occupied  at  the  times  of  the  observations  included  in  the 
mean.  Columns  three  and  seven  give  the  number  of  obser- 
vations in  each  group;  columns  four  and  eight  the  mean  of 
the  groups  of  tabular  errors  in  longitude;  columns  five  and 
nine  the  mean  of  the  groups  of  tabular  errors  in  ecliptic 
ih  polar  distance. 


.Mi  ln  Values  "i 
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74.8  —  216.3 

46 

+  1-35:14 

—0.1647 

105 

269.2  —  :I73.9 

38 

—0.6521 

—0.4861 

119.9  —  251.7 

77 

+  1-3956 

+0.0163 

135 

299.7  —     63.8 

12 

—0.9529 

—0.2451 

133.2  —  270.9 

102 

+  1-1 689 

—0.1176 

165 

342.3  —   11.".. 4 

26 

—0.8389 

— 0.0.S5  1 

74.6  —  301.3 

54 

+  1-0393 

—0.8567 

195 

3.2  —   144.5 

.",9 

—0.7991 

+  0.3632 

174. 8  —  313.6 

36 

+0-2059 

—0.0604 

225 

8.2  —   17(i.ii 

55 

—0.7991 

—0.041:: 

178.4  —  363.8 

38 

+  0.7568 

+0.2230 

255 

83.5  —  205.8 

56 

—0.5488 

—0.7*16 

190.9  —     27.4 

16 

+0-3376 

—1.2194 

285 

'.'5.7  —  214.0 

.~i.~> 

+  0.5199 

+0.2543 

287.7  —     69.7 

14 

+  0-2275 

—  o.l. ",95 

315 

127.1   —  240.6 

48 

+  0.1726 

+  0..",15;; 

341.4  —  106.9 

22 

+0-7187 

—0.1798 

345 

171.:i  —  282.8 

17 

+0.3626 

—0.3213 

16.9  —   131.5 

28 

+  0.7170 

+0.0094 

Mean  Values 

OF    C <  >     1  1  IB 

Mercury  from  Observations  at 

Washington. 

No.  of 

Mean  of  C — O  in 

No.  of 

Mean  of  C      ()  in 

V 

Earth  s  true 

Anomaly 

Obs. 

Longitude 

Polar  Dist. 

Earth  s  true  Anomaly 

Obs. 

Longitude 

Polar  Dist. 

0 

15 

162.9   — 

316.8 

20 

// 
—  1.5224 

ti 
—  1.4591 

354°9  _  206  8 

11 

+0.8819 

—2.4107 

15 

219.1    — 

332.1 

17 

—1.3465 

—0.8793 

42.4  —   184.9 

16 

+2-4510 

—1.5662 

..i 

263.3  — 

44.3 

24 

—2.4602 

—0.4630 

77.7  —  190.6 

23 

+  1.9949 

—1.0433 

105 

267.3  - 

61.1 

21 

—1.7710 

—0.4842 

107.1   —  257  4 

21 

+  1.6660 

—0.7974 

1 35 

337.1   — 

7(1.27 

21 

—4..",  177 

—0.3271 

119.6  —  279.6 

50 

+  1.0579 

—n.5901 

165 

343.6  — 

100.7 

30 

—4.005  1 

— O.sT'.U 

169.1    —  331.9 

37 

—0.3283 

—0.759.", 

195 

343.6  — 

145.M 

37 

—2.7227 

—0.7453 

180.6  —  280.8 

37 

—0.95ns 

—1.0004 

225 

51.3  — 

172  6 

32 

—0.9771 

+0.1886 

217.2  —  291.7 

25 

—1.1856 

—0.5095 

255 

83.7  — 

176.9 

29 

—0.1119 

— 0.61-ss 

265.1   —  330.7 

18 

—1.5000 

— 1.551  (', 

285 

95.9  — 

210.5 

is 

+  0.7401 

—0.9730 

2MI.4   —     32.4 

8 

—1.4347 

— 1.8? 

315 

116.3  — 

256.7 

2.". 

+  1.8054 

—1.1132 

278.7  —     67.3 

16 

—  1.1049 

—0.6545 

345 

153.3  — 

286.2 

l.s 

+  0.2257 

—0.1914 

.",7.0  —   lis. 4 

7 

—0.0031 

—2.5874 

The  meridian  observations  discussed  by  LeVerrier  in  the 
Annalesde  V  Observatoire,  Vol.  V,  and  also  those  given  in  the 
••Reduction  of  the  Greenwich  Observations  from  1750- 
1830,"  have  yielded  us  similar  tallies.  Neither  series  have 
Been  further  discussed,  since  both  contain  too  few  obser- 
vations, and  cover  too  lone-  an  interval. 

The  Washington  observations  are  referred  to  Winlock's 
tables,  or  practically  LeVerrier's  lirst  results,  as  published 
in  the  addition-  to  the  Connaissance  des  Temps  for  1848. 
Those  of  the  remaining  observatories  are  referred  to  LeVer- 


rier's second  table  published  in  the  Annates  de  VObst  rvatoire 
<l>  Paris,  Vol.  V,  1861.  The  former  presents  the  simple 
gravitational  hypothesis;  the  latter  contain  LeVerrier's 
well  known  empirical  terms.  It  is  upon  this  latter  subject 
we  hope  to  throw  some  light.  The  mean  values,  recorded 
above,  have  been  conceived  as  caused  by  actual  displace- 
ments, practically  reproduced  at  each  revolution,  constant 
during  the  period  of  observation,  and  lying  in  the  plane  of 
the  orbit.  The  lirst  of  these  is  justified  by  the  existence  of 
the  geocentric  means  ;  the  second  is  the  only  form  their  theory 
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can  at  present  take;    the  third  is   in   accordance   with  the 
result  of  former  work  upon  the  planet. 

It  is  also  assumed  that  the  values  given  for  the  means  are 
essentially  the  same  that  would  be  yielded  by  an  infinite 
number  of  observations.  We  venture  to  think  that  the 
effect  of  this  assumption  is  readily  eliminated  from  the  final 
result. 

Were  we  to  begin  anew  the  discussion,  it  would  be  prefer- 
able to  discuss  each  observation,  and  use  the  mean  result ; 
but  such  did  not  seem  the  case  when  entering  the  field. 
The  reduction  proceeds  as  follows: 

If  c    be  the  linear  value  of  the  displacement  ; 

r,  the  distance  from  earth  to  Mcrrurii's  computed  place; 
rn  the  distance  from  earth  to  Mercury's  observed  place  ; 
y,  the  augle  included  between  r  and  r' ; 
P,the  perpendicular  from  the  earth  upon  c; 
z,  the  distance  from  the  foot  of  the  perpendicular  to  the 
computed  place  ; 
Then   we   readily    obtain    from    the   well   known   relation 
c2  =  ?-  +  r*  — 2  /•/■'  cos  ;•. 

1:111    I    '•'   —     ),     2    .         X 

2(r  +  cz) 
correct  to  terms  of  the  order  of  (tan  \  ;  ) ;,  which  are  entirely 
uegligeable,  since  y  is  extremely  small. 

Our  numbers,  however,  represent  displacement  in,  and 
perpendicular  to,  the  plane  of  the  ecliptic.  For  the  latter  r1 
becomes  P1  +  «'-,  z  is  constant,  and  we  may  write 


tan  1"  = 


<•/' 


P1  4-  z-  +  cz 
the    mean   value    of    which    we    have    taken   with    regard  to 
equal  increments  of  P.     The  mean  with  regard  to  equal  in- 


crements of  the  earth's  true  anomaly,  though  perhaps  prefer- 
able, led  into  elliptic  integrals  not  suited  for  calculation  ;  but 
since  y  changes  very  slowly  with  P,  the  two  may,  within  the 
bounds  of  accuracy  which  limit  this  study,  be  considered  in- 
terchangeable. Representing  by  ;„  the  mean  value  of  ,-.  by 
Cj  the  linear  value  of  the  displacement  along  the  perpen- 
dicular, by  1\  and  /'.,  the  terminal  values  of  /',  and  by  M 
the  modulus  of  the  common  system  of  logarithms,  we  have 

2;-„  tan  i"(P1— P,)M 


'  log  (Pi  f  z2+cz)  —  log  (P;2+z2+cz) 

In  tin1  application  of  this,  care  should  be  taken  that 
P,  —  P.,  equal  the  arithmetical  sum  of  the  total  changes  in  P. 
By  successive  approximation  we  readily  obtain  values  of  c, 
for  each  group  given  above,  and  the  mean  of  the  two  values 
for  each  mean  anomaly  is  then  taken. 

For  the  displacements  in  the  plane  of  the  ecliptic,  let 

p,  be  the  true  anomaly  in  the  earth's  orbit  of  the  planet's 
projected  radius  vector  : 

(3,  the  earth's  true  anomaly. 

<:..,  the  linear  displacement  in  the  ecliptic  ; 

6',  the  angle  which  c.  makes  with  the  planet's  projected 
radius  vector  ; 

p,  the  planet's  radius  vector  ; 

I,  the  planet's  latitude  ; 

R,  the  earth's  radius  vector : 


tan  1"  = 


R,  the  earth  s  radius  vector  : 

Then      r  =  If  —  2Rp  cos  /.  cos  (pn — p\)  +/r  cos2  l 
P  —  R  siu  (fi — (p'i+5))  — p  cos  ).  sin  8 
— z  =  R  cos  (j3 — ((3i+5))  — p  cos  7.  cos  8 

and  our  fundamental  equation  takes  the  form 

c    i  A'  sin  (,; — j^+8))  — p  cos  I  sin  8 


v%  [  11  siu  ip — V|Ji  '   vl  !  — /-   v^°  '"  OI"  u 

R*  —  2Rp  cos  ;.  cos  (p1— p\)  +  p-  cos2 1  +  cp  cos  I  cos  8  — Re  cos(p'—  (fr+S)) 


tin-  mean  of  which,  with  regard  to  p.  we  have  found  for 
each  group,  by  expanding  with  regard  to  p,  supplying  the 
numerical  values  of  those  quantities  which  depend  upon  the 
dimensions  of  the  earth's  orbit,  and  making  successive  ap- 


proximations when  necessary,  we  obtain  by  wholly  elemen- 
tary processes  for  each  mean  value  of  the  displacement  in 
longitude  an  equation  of  the  form 


?'o 


tan  l'^tanip!— tau4-p\>)  =  c2  (Aa  (1—  r)  sin(p'1+<5)  +ep  cos  X  sin  8)  +  J3m(1— ;2)  cos(p1  +  fi)  +  Cp  cos  ;.  sin  8) 


when  A,  B  and  G  are  numerical  values,  a  the  major  semi- 
:i\i--.  and  f  the  eccentricity  of  the  earth's  orbit.  Expanding 
this  with  regard  to  p\  and  replacing  those  terms  depending 
upon  the  value  of  the  elements  of  the  earth's  orbit  by  their 
numerical  values,  and  uniting  the  two  equations  for  each 
value  of  the  true  anomaly,  we  obtain  finally,  from  the  errors 
in  longitude,  an  equation  of  the  form 


_y0  tan  1"  (tan  ^  p1,— tan  ^  fl) 
D  cos  8  +  E  siu  8 


Returning  now  to  the  displacements  in  latitude,  we  have 
the  condition  that  the  locus  of  the  projected  positiou  of  the 
displaced  planet  is  parallel  to  the  line  of  intersection  of  the 


planes  of  the  two  orbits  ;  or  that  this  locus  crosses  the  pro- 
jected radius  at  an  angle  w.  We  also  have,  as  will  readilj 
be  seen,  the  point  of  intersection  from  the  calculated  planet's 
projected  position  equal  to  cx  cot ). ;  and  since  c2  must  join 
this  locus  with  the  projected  position  of  the  calculated  planet, 
we  have 

<•,  cot  A  sin  a)  Cj  cot ). 

'"'  —  cos (90° ±  (w  —  8) )   '       ± cos  8  +  cot  w  sin  8 

Equating  with  the  equation  obtained  from  longitudes,  we 
have  at  once  values  for  c2  and  8,  from  which  the  values  of 
8v  and  Sr,  the  ecliptic  values  of  the  displacement  in  true 
anomaly  and  radius  vector  at  once  follow.  These  are  tabu- 
lated as  follows  : 
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Correi  ii.'N-  hi  be  Applied  to  the  Ecliptic  Position  of  Mer- 
cury, as  Calculated  by  LeVerrier's  Second  Table,  to 
obtain  the  Position  given  by  Meridian  Observations. 


V 

Sv 

Sr 

o 

tl 

15 

—1.8097 

—0.0000048 

45 

+  2.2303 

—0.0000052 

75 

+3.881  t 

—0.0000134 

105 

+  1.4329 

—0.0000070 

135 

+  3.3773 

—0.0000100 

165 

+  6.0296 

+  0.0000446 

195 

+  2.4717 

—0.0000022 

225 

+0.3836 

—0.0000002 

255 

—  1.2062 

+  0.0000391 

285 

+  1.3905 

—0.0000008 

315 

+  1.5319 

—  0.0000012 

345 

—3.9  7:,:; 

—0.0000005 

Mean 

+  1.3948 

+  0.0000031 

The  number  of  observations  referred  to  LeVerrier's  first 
table  is  so  small  that  it  has  seemed  desirable  to  combine  the 
results  for  each  quadrant.     The  values  are  as  follows  : 

Corrections  to  be  Added  to  the  Ecliptic  Position  of  Mer- 
cury,  as  Deduced  from  LeVerrier's  First  Table,  to 
obtain  its  Position  yielded  by  Meridian  Observations. 


V 

Sv 

fir 

0 

45 
135 
225 
315 

+  10.083 
+  10.755 
+   9.807 
+   6.779 

—0.0000603 
+  0.0000084 
+  0. 0000153 
+0.0000928 

Meau 

+  9.3560 

+  0.0000141 

The  corrections  to  the  first  table  refer  to  the  date  1872.3  ; 
those  to  the  second  refer  to  1871.13. 

It  will  be  seen  that  each  table  contains  a  fairly  regular 
variation  about  a  constant  term.  On  account  of  an  uncer- 
tainty as  to  the  date  from  which  the  corrections  to  the  first 
table  should  be  counted,  we  are  constrained  to  employ  the 


constant  term  and  variation  of  the  second  table,  using  the 
results  of  the  first  table  only  for  general  corroboration. 

The  mean  value  of  dv  indicates  an  increment  of  the  move- 
ment of  Mercury's  perihelion  by  0".0660,  making  it  +44".20 
for  a  century,  a  value  slightly  higher  than  that  given  by 
Newcomii,  +42". 95,  which  depended  upon  a  different  series 
of  observations.  The  constant  term  of  dv,  depending  upon 
the  single  extremely  large  value  at  255°,  has  not  seemed 
real. 

Finally  we  present  the  periodic  variation  in  orbit. 


V 

dv 

LeVerrier's  2d  Table. 

dv 
1st  Table. 

dr 

o 

15 
45 
75 
105 
135 
165 
195 
225 
255 
285 
315 
345 

//                   it 
—2.204) 
+  0.836  [  +0.381 
+  2.4.S7  \ 
+  0.034) 
+  1.982  -  +2.217 
+  4.635  \ 
+  1.107) 
—0.112  f  —  0.445 
—2.401  ) 
—0.004  ) 
+  0.137  [-—1.746 
—5.370  ) 

ft 

+  0.727 
+  1.399 
+  0.247 
—  2.587 

—0.0000048 
—0.0000052 
—0.0000134 
—0.0000078 
—0.0000100 
+  0.0000446 
—0.0000022 
—0.0000002 
+  0.0000398 
—0.0000008 
—0.0000012 
—0.0000005 

It  will  be  seen  that  the  planet  receives,  when  between  330° 
and  360°  of  true  anomaly,  a  disturbance  whose  immediate 
effect  is  a  considerable  disturbance  of  its  orbital  velocity,  so 
that  the  planet  passes  through  perihelion  later  than  was  ex- 
pected. The  secondary  effect  appears  to  be  to  draw  the 
planet  nearer  the  sun,  and  increase  its  orbital  velocity ;  so 
that  the  planet  passes  beyond  its  calculated  place  near 
aphelion,  passes  its  aphelion  slightly  before  the  calculated 
position,  and  suffers  a  secondary  effect  of  a  similar  character 
in  passing  from  aphelion  towards  perihelion. 

Although  this  action  is  such  as  to  suggest  a  strong  opinion 
as  to  its  cause,  I  beg  to  delay  the  discussion  thereof  till  I 
shall  present  certain  relations  which  are  found  to  exist  among 
the  elements  of  Encke's  comet. 


FILAR-MICROMETER   OBSERVATIONS   OF   COMET   l$$$a, 


MADE    AT    THE    DUDLEY    OBSERVATORY, 

By  LEWIS  BOSS. 


1888  Albany  M.T. 

* 

No. 
(  omp. 

la 

-* 

o/'s  apparent 
a              |              8 

lojry.A 

for  (i 

i 

h        m      s 

m       s 

t        tt 

h        in          s 

o        i        n 

Apr.     6 

16  49   42 

4 

14,  14 

+  0     0.92 

—1   26.4 

22   19     9.56 

+    9    12 

n9.605 

0.738 

••      18 

15   47  25 

5 

15  ,  5 

—3      9.01 

—l  :<:'..  2 

22   5;;    1  1.2* 

19   12     5.1 

»9.65 t 

0.717 

,.     28 

16     9   14 

6 

9,3 

—0   51..",;! 

+  5  52.2 

23   in      9.27 

25   .",'.1   54.6 

»9.655 

0.643 

May    2 

15     8  47 

7 

15,5 

+  2  32.7.", 

+  4   27.5 

23   28    12.20 

27  51    25.1 

9.688 

0.692 

"     13 

15   10  37 

8 

18,6 

—0  41.36 

+  0  41!. 9 

23  53      5.0  1 

.".",     C   45.,s 

&9.705 

0.630 

"      21 

15  32  40 

9 

15,5 

—5       1.15 

—0     3.7 

0     8  5  2.84 

+86  20  13.3 

r»9.70] 

0.582 
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Mean  Places  for  1888.0  of  Comparison- Sims. 


* 

Red.  to 

8 

Red.  to 

a 

app.  place 

app.  place 

Authority 

h       m        s 

s 

O           f             II 

n 

4 

22   19     9.56 

—0.93 

+    9    12   55.  2 

—  8.1 

[Bessel],  [Lamont]  and  Giant 

0 

22  56  24.09 

0.80 

19   14     8.3 

10.0 

Lai.  and  Comp.  with  DM.+  19°  5027 

6 

23  20     1.27 

0.67 

25  34   13.4 

11.0 

Bessel  Zone  321  (Weisse  377) 

7 

23  26   10.05 

II.5S 

27   51    25.1 

11.2 

Weisse  524  and  Riimker  11292 

8 

23  53  46.84 

0.44 

33     6  10.8 

11.9 

Struve  2861  and  Leiden  A.G.  Zones. 

9 

0  13  54.56 

—0.27 

+36  20  28.7 

—  11.7 

Weisse's  Bessel  319 

For  these  observations  the  position-angle  of  the  tail  was  nearly 
270°;  and  this  circumstance,  together  with  an  apparent  actual 
elongation  of  the  central  condensation  of  the  head  of  the  comet, 
seems  to  favor  the  existence  of  considerable  systematic  errors  in 
the  observed  right-ascensions.  I  intended  always  to  observe  the 
following  and  brightest  part  of  the  central  condensation. 

A  proper  motion  of  — 0S.008  and  — 0".  11  was  applied  in  deducing 
the  place  of  star  No.  8,  using  the  two  observations  of  Lai.axde  to 
aid  in  determining  this  quantity.  The  star  is  double,  and  the  mean 
was  observed. 

To  obtain  a  more  reliable  position  of  No.  •">.  I  also  measured  its 
difference  from  Weisse's  Bessel  1356.  But  the  latter  appears  to  be 
affected  with  a  proper  motion  of  about  +0".02;  -4-0".l ;  anil  as  there 
is  no  published  position  of  this  star  at  my  disposition  later  than 
Weisse's.  the  comparison  could  not  be  used. 

.May  21.     The  appearance  of  the  comet  is  transformed.    Hitherto, 


the  tail  has  been  narrow  and  very  bright  along  the  axis;  and  the 
head  has  been  small  and  elongated  in  the  direction  of  the  tail.  Now, 
however,  tin'  tail  lias  become  broad  and  faint,  and  of  uniform  bright- 
ness across  its  breadth.  There  appears  to  be  a  bright  outstreaming 
from  the  head  in  the  direction  (p  =  90°)  at  right  angles  to  the  axis 
of  the  tail.  These  wings  are  perhaps  20"  in  breadth,  and  40"  in 
length  on  each  side  of  the  nucleus,  and  convex  toward  the  following 
side  (away  from  the  tail).  The  boundary  and  contrast  in  bright- 
ness between  the  head  and  tail  is  very  strongly  marked.  The 
nucleus  is  very  much  brighter  than  I  have  seen  it  during  the  month 
preceding.  It  is  fully  a  quarter  of  a  magnitude  brighter  than  Lai. 
330  (the  comparison-star),  and  is  decidedly  star-like,  with  an  intense 
light.  The  tail  could  not  be  traced  beyond  15'  from  the  head.  The 
general  appearance  of  the  head  is  that  of  a  nearly  rectangular  nebu- 
lous mass  of  bright  light  about  90"  long  and  20"  broad,  with  a  star- 
like nucleus  (of  magnitude  7.0)  just  preceding  the  center. 


OBSEKYATKmS   OF   SAPPHO®, 

MADE  AT  THE  U.S.  NAY  II  OBSERVATORY  WITH  THE  9.6-INCH  EQUATORIAL, 

By  Prof.  E.  FRISBY. 

[Communicated  by  the  Superintendent.] 


1888     Washington  M.T. 

* 

No. 

Comp. 

®- 

K.a 

-* 

Dec. 

log  y/A 

for  a              for  6 

d 

)i          in          i 

in              s 

i       u 

8 

a 

April    3 

11    17    15.1 

17 

211  .  4 

+  0  49.64 

+  4  39.3 

M.9.205 

0.839 

4 

11   26     7.9 

14 

20,4 

+  3  20.83 

—2   27.4 

N9.125 

0.777 

7 

10  37  28.2 

16 

20,4 

—2     9.93 

+  3  41.7 

n9.299 

0.779 

14 

10  50     7.8 

10 

20,4 

+  1  55.53 

—6     0.5 

«9.033 

0.749 

u 

10  50     7.8 

11 

20  ,  1 

—2  38.83 

+  1  56.5 

19 

10  13  15.2 

8 

10,2 

+  0  40.08 

+  3  34.0 

?(9.118 

0.827 

The  numbers  of  the  comparison-stars  refer  to  Bryant's  list,  M.N.  Astr.  Soc.  Vol.  XLIII,  No.  3. 


Positions  of  Com  pari  son-  Stars  of  1888.0. 


* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

O           1               II 

n 

17 

13  27  26.12 

+  1.27 

—13  40  13.5 

—5.2 

Weisse,  Santini 

14 

24     0.46 

1.2.S 

13  25  21.0 

5.1 

Weisse.  Santini,  Lamont 

16 

25  47 

1.30 

13     8.6 

5.2 

DM.  —12°  3834 

10 

16  12.96 

1.32 

11   59   32.0 

5.1 

Gould,  Paris  1870 

11 

20  48.35 

1.32 

12     7  27.8 

5.4 

Gould,  Yarnall,   (i  Virginia) 

8 

12  56.35 

+  1.33 

—11   25  30.0 

—6.4 

Weisse,  Santini 
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EPHEMERIS   OF   COMET   1888  ci  (sawebthal 

171.    BY    LEWIS   BOSS. 

188  App.  c. 

i       n 
0  .".-1.7 


), 


The  following  ephemeris  of  comet  1888  "  is  calculated 
from  the  elliptic  elements  in  No.  171  of  the  Astronomical 
Journal.  From  an  observation  of  May  21.  at  20h  Greenwich 
mean  time,  the  correction  of  the  ephemeris  on  that  date  was 
— 2s. 2  and  — 8",  and  is  very  slowly  increasing.  Taking  the 
1 'lightness  at  discovery  as  the  unit,  the  brightness  on  June 
15  will  be  0.059  ;  ou  July  15,  0.029  ;  and  on  Aug.  14,  0.019. 
The  positions  are  for  Greenwich  12h  of  the  corresponding 
dates. 

App.  s 


1888 

June  15.5 
16.5 
17.5 

18.5 
L9.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 


July 


1.5 

2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
10.5 


App.  « 

o  t  ti 

0  16  17.5 
0  18  2.9 
0  49  6.6 
0  50  13.5 
0  51  18. G 
0  52  21.8 
0  53  23.2 
0  54  22.8 
o  55  20.5 
0  56   16.3 


0  57 
0  58 


10.2 

2.1 


0  58  52.1 

0  59  40.2 

1  0  26.2 
1      1  10.2 


52.2 
32.1 

10.0 

45.7 
19.3 
50.7 
20.0 
47.0 
11.9 
34.4 


+  44     9  1 

14   25  3 

44  4n  ;,:; 

14  56  31 

45  11  59 

15  27  16 
1.".  12  23 
15  57  19 

46  12  4 

46  26  40 
4 1  6 
oo  22 

9  28 

47  23  24 
47  37  10 
47  50  47 


log  r 
0.24921 


40 
46 

47 


log  A 
0.30240 


0.25607      0.30.-^1 


0.26281       0.30784 


0.26942      0.31036 


0.27591       0.31275 


0.2S229       0.31501 


0.2**50       0.31715 


0.29472   0.31918 


48  4  15   0.30077   0.32109 

48  17  33 

48  30  42   0.30672   0.32290 

is  13  42 

48  56  32   0.31257   0.32459 

49  9  12 

49  21  43   0.31832   0.32619 

49  34  4 

19  46  16   0.32398   0.32770 

49  58  18 


July  11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26  5 
2  7.5 
28.5 
29.5 

30.5 
31.5 


Aug. 


1.5 
2.5 
3.5 
4.5 

."> .  5 

6.5 

7.5 

8.5 

9.5 

10.5 

11.5 

12.5 

13.5 

1  1.5 


7  12.7 

7  28.4 

7  41.8 

7  52.8 

8  1.5 
8  7.8 
8  11.7 
8  13.2 
8  12.2 
8  8.9 
8  3.0 
7  54.7 
7  44.0 
7  3H.7 
7  14.9 
6  56.6 
6  35.7 
6  12.3 
5  46.4 
5  17.9 

4  46.9 
4  13.3 
3  37.2 
2  58.5 
2  17.2 
1  33.5 
0  47.2 
0  59  58.4 
0  59  7.2 
o  58  13.5 
0  57  17.5 
0  56  19.1 
0  55  18.4 
0  54  15.4 


App-  8 
50  lo  9 
50  21  51 
50  33  23 
50  44  45 

50  55  57 

51  6  58 
51  17  48 
51  28  28 
51  38  57 
51  49  15 

51  5: 1    21 

52  9  16 
52  19  0 
52  2s  32 
52  37  52 

2  47     0 


ao  oo 

4   37 


52 

53 

53  13  7 

53  21  23 

53,  29  25 

53  37  13 

5.",    11  47 

53  52  6 

53  59  10 

54  5  5:  i 
54  12  31 
54  is  17 
5  1  24  47 
54  .'in  29 
5  1  3',  53 
5  1  41  0 
5  1  15  49 
51  50  111 
54   54  31 


log  r 
0.32955 

0.33503 

0. 340 13 
0.34574 
0.35097 
0.35612 
0.36119 
0.36619 
0.37111 
0.37597 
0.38"  73 

0.38547 
0.39012 
0.39471 

0.39923 
0.10369 
0.40810 
n.41244 


log  A 
0.32911 

0.33044 

0.33169 

0.33287 

0.33398 

0.33503 

0.33602 

0.33696 

0.33785 

0.33S7O 

0.33952 

0.34030 

0.34107 
0.341-2 
0.34256 
i'. 34330 
0.31405 
0.34480 


1388     Washington  M.T. 

d  h        in  s 

Mav  20     15  24  58.8 


* 

1 


OBSERVATION    OF   COMET   1888  a., 

MADE    AT    IIIF.    U.S.    X  A  \   LL    OBSERVATORY    Willi    THE   9.6-INCH    EQUATORIAL, 

By  H.  P.  TTJTTLE. 

j.  No.  S^ — *  #S  apparent 

Comp.  la  jS 


10  ,  2 


+4  5.99         _2  42.4 


a 

o"    7"    LI 8 


log  />A 
for  a  for  <S 


+  35    57    8.6      »9.731     0.504 
Mean  Place  of  Comparison-Star  for    1888.0. 

Bed.  to  Red.  to 

a  app.  place  o  app.  place  Authority 

11  2  55.51         — 0S.32         +36  0  33.4         —12.4         Weisse's  Bessel  XXIII,  477 


N°    133. 
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OBSERVED   MAXIMA   AND  MINIMA    OF    T  AND    U  MONOCEROTIS,  1888, 


By  PAIL  S 
T  Mbnocerotis. 

A  series  of  thirty-seven  observations  of  this  star  was 
obtained  this  year,  extending  from  Feb.  15  to  May  7. 
Three  maxima  and  three  minima  are  9hown  by  these  ob- 
servations, as  follows: 


Observed  Maxima. 

Cambridge  M.T. 

1888  February  19.2 
March       18.28 
April         13.9 


Observed  Minima. 

<  bmbridge  Mr 

1888  March    7.13 
April       3.5 
30.2 


The  above  times  were  obtained  by  Pogson's  method  from  a 
drawing  of  the  light-curve  shown  by  all  the  observations. 

Dorchester.  1888  May  24. 


YENDELI.. 

U  Monocerotis. 
Forty-four  observations  of  this  star,   beginning   Feb.    6, 
and  ending  May  9,  show  the  following  times  of  maxima  and 
minima  : 

Observed  Maxima. 

i':i ridjjeM.T. 

1888  March    9.52 
April    29.74 

These  times  wne  obtained  in  the  same  manner  as  were 
those  of  T  Monocerotis,  given  above;  and  although  both 
series  were  much  interrupted  by  weather  and  moonlight,  all 
the  maxima  and  minima  may  be  considered  to  be  well- 
determined. 


Observed  Minima. 

Cambridge  M.T. 

1888  February  28.2 
April  9.36 


FILAR-MICROMETER   OBSERVATIONS   OF   COMET   1888  a, 

MADE    AT    llll',    HAVKRFORD    COLLEGE    OBSERVATORY    WITH    THE    10-INCH     EQUATORIAL, 

By   Prof.   F.   P.   LEAVENWORTH  and  H.  V.  GUMMERE. 


1888  Haverford  M.T. 

* 

No. 
Comp. 

da 

-* 

zJS 

^'s  apparent 
a 

8 

log 

for  a 

for  (i 

Obs. 

d           li        m        s 

in 

i      u 

h        m         s 

O 

// 

s 

Mar. 

29     16  55    6 

1 

9  .  1 

+  o     4.80 

+  5  54. 5 

21  .".1   48.72 

+   0 

46 

41.0 

»9.621 

0.750 

L 

••      16  55    6 

2 

9  .  2 

+  0     2.58 

—0   12.7 

21   54  48  67 

0 

46 

44.4 

,(9.621 

0.750 

L 

30     16  58  40 

3 

12  ,  3 

—3     1.63 

+  1   54.5 

21   .".7  54.58 

1 

55 

29.9 

n9.617 

0.745 

L 

Apr. 

16     16  23  29 

4 

18 

-f-i)  28.24 

- 

22    17  51.30 

- 

7*9.650 

_ 

L 

"      15  40  15 

1 

3 

- 

+    7  21.2 

- 

17 

43 

23.5 

- 

0.7O1 

L 

23     16    .".  48 

5 

6  .  2 

+3    11.17 

+  12     4.0 

23     6  32.00 

22 

37 

16.7 

?i9.681 

0.622 

L 

•■      16  14  33 

6 

3  .  3 

-1    13.62 

—  6     5.2 

23     6  33.21 

22 

37 

36.8 

7i9.681 

0.622 

L 

24     15  17  16 

7 

26  .  7 

— 0    18.31 

—  1     9.0 

23     9     1.59 

23 

14 

15.1 

7i9.690 

0.693 

L 

25     16  14    2 

8 

27  .  5 

+  1   30.58 

+   4  25.6 

23   11   40.37 

23 

53 

6.7 

«9.666 

0.624 

G 

26     16     1    18 

9 

21  .  3 

+  ii  57.12 

—  6  31.3 

23   11    10.66 

24 

29 

20.9 

w9.631 

0.631 

L 

"      16    R  22 

10 

9  .   1 

—2     2.80 

—  2  22.5 

23   14  11.36 

24 

29 

33.2 

7i9.631 

0.631 

L 

"      16    5  35 

11 

12,2 

—2     7.83 

—  6  55.4 

23   14  10.67 

+  24 

29 

25.6 

7i9.631 

0.631 

L 

Mi  an    I 'I  ( ins  fur  1888.0  of  Comparison-  Stars. 


* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

8 

o          1           II 

n 

1 

21   54  44.98 

—  1.06 

+   0  40  52.9 

—  6.4 

Harvard  Stand.  Cat.  bet.  0°  and  +1° 

2 

21  54  47.15 

1.06 

n    17     3.5 

6.1 

Weisse's  Bessel 

3 

22     0  57.26 

1.05 

1   53  42.0 

(\.C, 

](  Lam.+  Bonn  +  2  Schjellerup) 

4 

22    17  23.86 

0.80 

17  36    12.0 

9.7 

Bonn  Obs.  VI  +  17°  4822 

5 

23     2  48.55 

o.7i' 

22  25   23.3 

10.6 

Weisse's  Bessell  1400 

6 

23     7  47.57 

0.74 

22  43  52.6 

10.6 

Bonn  Olis.  VI  +  22°  4793 

7 

23     9  50.63 

0.73 

23   15  34.8 

10.7 

Weisse's  Bessell  15  1 

8 

23   10   10.46 

0.67 

23  48  52.1 

11.0 

Weisse's  Bessel  161 

9 

23   13   14.24 

o.7o 

24  36     3.1 

10.9 

Weisse's  Bessel  233 

10 

23  16  14.87 

0.71 

24   32     6.6 

10.9 

Weisse's  Bessel  299 

11 

23  16   19.21 

—0.71 

+  24  36  31.9 

—10.9 

i( Weisse's  P.essel  +  Kiimker) 

March  30.     Nucleus  elongated,   or   perhaps  double. 

I  am  indebted  to  Prof.   Edgab    Frisby   and   Mr.    Frank  Mtjller,   for  positions  of  some  of  the  star-places 
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NEW  ASTEKOID. 

A  planet  of  the  twelfth  magnitude  was  discovered  May  16  by  Palisa.  at  Vienna.     Its  position  was 
1888  May  16.54*.".  Gr.  M.T.         «  =  245°  16'  56"         (V  =  21°  35'  12"  Daily  motion  —56'  in  a  and  1'  southward. 

This  will  lie  Xo.  279,  should  that  found  by  Bokkelly.  May  12.  prove  not  to  be  Xantippe. 


EPHEMERIS   OF  VARIABLES   OF   THE   ALGOL-TYPE, 

By  S.  C.   CHANDLER. 
Approximate  Greenwich  M.T.,  1888. 


July 

July 

Aug 

LISt 

August 

September 

j   "n 

d         h 

d 

h 

d       h 

d       h 

U  Colon.  Bor. 

1   13 

I '  ( tphiuchi 

19   11 

V  <  Iphiuehi 

7 

17 

U  ( tphiuchi 

29  13 

Y(  vgni           22  15 

£7  Ophiuehi 

1   20 

8  Librae 

19   14 

U  ( Iphiuehi 

8 

14 

FCygni 

29  16 

U  Ophiuehi      24  13 

Algol 

1    21 

U  Cephei 

20     9 

O  Coron.  Bor. 

8 

14 

U  Ophiuehi 

30     9 

r  Ophiuehi      25     9 

Ef  Ophiuehi 

2  16 

F  Cvgni 

21   17 

F  Cygni 

8 

16 

d    Librae 

30  11 

FCygni           25   15 

{/Ophiuehi 

3  12 

Algol 

21   23 

U  Ophiuehi 

9 

in 

Algol            25  22 

FCygni 

3   17 

/.    Tauri 

22   21 

3    Librae 

9 

12 

September 

3   Librae           27     9 

Algol 

4   18 

U  Ophiuehi 

23   15 

/.    Tauri 

11 

15 

FCygni 

1    16 

FCygni           28  15 

U  Cephei 

5  10 

U  *  >phiuehi 

24   12 

Y Cygni 

11 

16 

Algol 

2  23 

Algol            28  19 

3    Librae 

5    14 

FCygni 

24   17 

U  Ophiuehi 

12 

18 

U  <  Iphiuehi 

3   14 

r  Coron.  Bor.  29     8 

1"  Cygni 

6   17 

Algol 

21   20 

I  * ( Iphiuehi 

13 

15 

1 '  ( tphiuchi 

4   10 

U  Ophiuehi      29  14 

V  <  tphiuchi 

6  21 

U  Cephei 

25     9 

U  ( tphiuchi 

14 

11 

FCygni 

4  16 

U  Ophiuehi      30  10 

Algol 

7  15 

Librae 

26   13 

F  (ygni 

14 

16 

Algol 

5  20 

E/"  Ophiuehi 

7    17 

X    Tauri 

26  20 

U  Coron.  Bor 

.  15 

11 

3   Librae 

6  11 

October 

V  Cpron.  Bor 

8   12 

Y  Cygni 

27  16 

/.     Tauri 

15 

14 

T  (ygni 

7  16 

FCygni            1    15 

U  Ophiuehi 

8  13 

Algol 

27   17 

3    Librae 

16 

12 

U  <  Iphiuehi 

8   11 

Algol               1    15 

U  Ophiuehi 

9     9 

U  <  tphiuchi 

28   16 

Algol 

16 

L8 

U  Coron.  Bor 

.    8  15 

U Coron.  Bor.    2   19 

F  Cygni 

9   17 

U  Ophiuehi 

29   12 

FCygni 

17 

16 

Algol 

8   17 

Algol              4  12 

i'hei 

10  10 

U  Cephei 

30     9 

U  Ophiuehi 

18 

15 

U  Ophiuehi 

9   11 

FCygni            4  15 

Algol 

10  12 

Algol 

30  14 

U  l  Iphiuehi 

19 

11 

FCygni 

m   15 

U  Ophiuehi        5  11 

fi    Librae 

12   14 

FCygni 

30   16 

/.    Tauri 

19 

13 

Algol 

11    14 

U  Cephei           5  16 

)'  1  ygni 

12  17 

I    Tauri 

30  19 

Algol 

19 

15 

3    Librae 

13   10 

t*  Ophiuehi         6     7 

V  1  tphiuchi 

12  18 

U  Ophiuehi 

20 

8 

F  (ygni 

13   15 

Algol              7     9 

Algol 

13     9 

August 

}"  (ygni 

20 

16 

I '  Ophiuehi 

13   15 

FCygni             7  15 

J'  Ophiuehi 

13  14 

U  Coron.  Bot 

.    1   16 

U  Coron.  Bor 

22 

9 

Algol 

14    11 

U Coron.  Bor.    '.'   17 

U  Ophiuehi 

14   10 

Algol 

2  10 

Algol 

22 

12 

U  ( Iphiuehi 

14    11 

Algol            10     6 

/.   Tauri 

14  23 

d    Librae 

2    13 

8    Librae 

23 

12 

U  Coron.  Bor 

.  15   13 

U  Ophiuehi      10  11 

I '  (  oron.  Bor 

.15  10 

Y  Cygni 

2  16 

Y  (  ygni 

23 

16 

FCygni 

16  15 

)'  Cygni           Id  15 

I '  (  ephei 

15   10 

V  Ophiuehi 

2   17 

U  ( tphiuchi 

23 

16 

U  Ophiuehi 

19  12 

C  Cephei            Hi    16 

Y  (Ygni 

15   17 

U  ( iphiuehi 

3   13 

U  ( tphiuchi 

2  1 

12 

FCygni 

19   15 

("(iphiuehi       11      7 

U  '  tphiuchi 

17   18 

1    Tauri 

3  17 

U(  Iphiuehi 

25 

8 

U  Ophiuehi 

2i  i     s 

FCygni           13  15 

U  Ophiuehi 

18  15 

U  Ophiuehi 

4     9 

Algol 

25 

9 

3    Librae 

20  in 

I    Tauri             13  21 

FCygni 

18  17 

FCygni 

5  16 

Y  Cygni 

26 

16 

U  Coron.  Bor 

22  11 

U  Cephei         13  15 

;.   Tauri 

18  22 

/.    Tauri 

7  16 

C  O  X  T  E  X  T  S  . 
Observations  of  Eokrate  (247).  by  Dr.  John  M.  Thome. 

A  Study  of  the  Residual  Discordances  for  Mercdrt,  by  Mr.  Orray  T.  Sherman. 
Filar-Micrometer  Observations  of  Comet  1888a,  by  Prof.  Lewis  Boss. 
Observations  of  Sappho  ®,  by  Prof.  E.  Frisby. 
Ephemeris  of  Comet  1888a  (Sawerthal),  by-  Prof.  Lewis  Boss. 
Observations  of  Comi  i   1888  a,  by  Mr.  H.  P.  Tettle. 

Observed  Maxima  and  Minima  of   T  and   U  Monocerotis,  1888,  by  Mr.  Pact.  S.  Yendei.i.. 
Filar-Micrometer  Observations  of  Comet  1888  a,  by  Prof.  F.  P.  Leavenworth  and  Mr.  H.  V.  Golmere. 
New  Asteroid. 
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ORBITS   OF  AEROLITES. 

By  H.  A.  NEWTON. 


At  the  recent  meeting  of  the  National  Academy  of  Sciences, 
I  presented  certain  conclusions,  derived  from  a  collation  of 
the  statements  of  the  observers  of  those  stonefalls  which  are 
represented  by  specimens  now  in  our  museums.  I  assumed. 
as  already  proved,  a  relation  between  the  comets  and  the 
meteoroids  of  various  kinds  :  so  that  we  may.  in  general  and 
as  a  first  approximation,  assign  to  the  latter  bodies,  on  ap- 
proaching the  earth,  a  velocity  in  their  orbits  about  the  sun 
not  greater  than  that  of  a  parabola,  and  not  less  than  that 
of  the  comet  of  shortest  period.  This  gives  them  velocities 
between  1.414  and  1.244:  the  earth's  mean  velocity  being 
unity.  For  uniformity  of  reduction,  however.  I  used  the 
maximum  velocity  in  my  reductions.  A  smaller  velocity 
would  in  general  strengthen  the  argument  for  the  conclu- 
sions arrived  at. 

For  116  stonefalls.  I  was  able  to  obtain  some  statement 
indicating  the  direction  through  the  air  of  the  fireball,  or 
else  the  direction  from  which  the  stones  came.  For  single 
meteors  the  actual  path  is  certainly  very  uncertain.  But  I 
feel  considerable  confidence  in  the  conclusions  derived  from 
the  statement  of  all  the  falls,  when  the  results  are  collated. 
If  the  several  statements,  when  single,  are  accepted  as  cor- 
rect, and  if  the  most  probable  direction  of  the  meteor  be 
deduced  when  more  than  a  single  observation  is  reported, 
and  if  the  velocity  be  assumed  to  be  that  belonging  to  a  para- 
bolic orbit,  then  it  is  found  that  109  of  the  116  bodies  were 
moving  about  the  sun  in  orbits  having  inclinations  less  than 
90°,  against  7  moving  in  orbits  inclined  more  than  90°.  For 
94  other  stonefalls  only  the  time  of  day  is  given,  with  no  in- 
dication of  the  direction  of  the  meteor's  motion.    These  cases, 
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so  far  as  they  give  any  evidence,  confirm  the  conclusions  ob- 
tained from  the  116  stonefalls  before  considered. 

Again,  treating  individually  the  116  paths,  it  appears  that 
if  we  change  the  paths  each  through  180"  of  azimuth,  the 
altitudes  remaining  unchanged,  the  point  from  which  the 
meteor  is  moving  will  be  thus  carried  away  from  the  point 
from  which  the  earth  is  moving  in  70  cases,  while  the  two 
points  will  approach  each  other  in  44  cases.  This  implies 
that  the  reason  why  stones  following  the  earth  have  been 
seemed  in  so  much  larger  numbers  than  those  meeting  the 
earth  is  not  due  entirely,  or  even  mainly,  to  the  times  of  day 
at  which  men  from  their  habits  of  living,  and  of  being  out  of 
doors,  are  likely  to  secure  the  stones.  Either  fewer  stones 
come  into  the  air.  meeting  the  earth  in  its  motion,  or  else 
such  stones  are  iu  general  destroyed  in  coming  through  the 
air  by  reason  of  their  large  velocities.  But  large  velocities 
are  not  always  fatal  to  the  integrity  of  these  bodies,  and  it 
seems  more  reasonable  to  believe  that  there  are  many  more 
stones  actually  following  the  earth  in  its  orbit  about  the  miu 
than  there  are  meeting  the  earth.  Hence  these  bodies  seem 
to  have  closer  relations  with  the  periodic  comets  than  with 
comets  of  long  period. 

Another  fact  of  interest  is  obtained  by  this  discussion. 
Of  the  116  orbits  obtained  as  above,  103  have  perihelion-dis- 
tances greater  thau  0.5.  With  this  may  lie  compared  some 
results  from  Schiaparelli's  table  of  orbits  corresponding  to 
189  radiants  of  shooting  stars  observed  by  Zezioli  {*Ent- 
wurf  einer  Tlieork  der  Sternschnuppen,  pp.  84-93,  Stettin, 
1871).  In  these  orbits,  18  perihelion-distances  were  less 
than  0.5,  against  169  greater  than  0.5. 


SOME   OBSERVATIONS   OF   VARIABLE    STARS  LX    1887, 

By  EDWIN  F.  SAWYER. 
1.     R  Virginis.  =  DM.  8°. 2626,  or  about  8M.o.     The  increase  of  light  was 

This  star  was  observed  from  May  12  to  July  13.  the  obser-      rapid  and  uniform,  a  maximum  being  passed  about  June  17. 
vatious  numbering  13.     When  first  seen,  on  May  12,  R  was      Maximum  brightness  3  steps  >  DM.  8°, 2619,  and  5  steps  < 
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DM.  9°, 2648,  or  7M.l.  The  decrease  was  nut  well  observed, 
a  gap  occurring  in  the  observations  from  June  27  to  July  13. 
When  last  seen,  on  July  13,  Ji  was  1  step  <  DM.  8°, 2626, 

or  about  8\6. 

2.  i?  Coronae  Borealis. 

Observed  from  March  20  t . •  November  18,  22  observations 
being  obtained.  <  hi  March  20,  the  date  of  the  first  obser- 
vation. /.'  was  found  to  be  5  steps  >  DM.  .'SI  VJ771 .  and  3 
steps  <  DM.  30°,2682,  or6M.8.     The  light  steadily  decreased 

from  this  time  until  April  13.  when  it  wTas  =  DM.  2.s°.2475. 
or  about  7M.  1.  The  star  had  apparently  reached  minimum,  as 
the  light  remained  constant  from  April  13  to  May  23.  On 
May  25,  however.  B  was  found  still  fainter,  and  on  June  13, 
it  was  5  -t-  steps  <  DM.  28°,2475,  or  about  8M.0.  On  June 
i'."'.  A'  was  invisible  in  the  field-glass,  hence  <  9M.0  ;  and  it 
was  not  again  seen  until  October  17,  when  it  was  observed  5 
steps  >  DM.  28°,2469,  and  5  +  steps  <  DM.  28°,2475,  or 
7". 7.  Tin'  Ligbl  increased  very  slowly,  and  when  last  seen, 
on  November  18,  /?  was  5  steps  >  DM.  28  ,2475,  and  1  or 
2  steps  <  DM.  31°,2771,  or  7\1. 

3.  S  ( 'oronae  Bon  alis. 

13  observations  were  obtained  on  this  star,  extending  from 
March  20  to  June  13.  "When  first  seen,  on  March  20,  S  was 
1  step>DM.32  ,2577,  and  3  steps  <  DM.  32°,2578,  or  8M.0. 
The  light  increased  very  rapid  and  rather  irregularly,  a 
maximum  being  passed  on  April  19.  Maximum  brightness. 
£  step  <  DM.  31°,2719,  and  5  +  steps  >  DM.  32  ,2578, 
or  7M.l.  The  decrease  appeared  rapid  and  uniform;  and 
when  last  observed,  on  June  13,  S  was  4  steps  <  DM. 
32  .-.'.".77.  or  about  8U.5. 

4.  /,'  Scuti. 
A  very  good  series  of  observations  on  this  star.  51  in  num- 
ber, was  obtained,  extending  from  May  l'.'I  t<>  December  5. 
When  first  seen,  on  May  23.  /?  was  found  quite  bright,  and 
evidently  near  maximum;  light=19.9  of  my  scale.  The 
light  remained  constant  until  June  .s,  when  it  slowly  de- 
creased, and  had  apparently  reached  a  standstill  on  August 
7,  remaining  constant  until  August  25.  Then  it  verj'  sud- 
denly decreased,  and  passed  a  faint  minimum  on  Septem- 
ber 14  :  light  =  7.7.     The  brightness  as  rapidly  increased; 


and  a  bright  maximum  was  reached  on  October 


light 


=  21.9.  li  remained  at  maximum  for  14  days,  then  again 
very  rapidly  faded,  and  passed  a  bright  minimum  ou  No- 
vember 23  :  light  =  14.2.  The  interval  between  the  two 
minima  was  70  days. 

5.     g  Hercvlis. 

The  fluctuations  in  light  of  this  star,  during  the  year,  have 
been  of  a  decided  character,  although  very  irregular.  The 
observations  number  41,  and  extend  from  March  25  to  De- 
cember 13.  When  first  seen,  on  March  25,  g  was  found 
quite  bright  (evidently  near  maximum)  ;  light  =  16.1  of 
my  scale.     The  light  remained  almost  stationary  (decreasing 


but  two  steps)  until  May  12,  when  a  further  slight,  but  sud- 
den depression  of  2  steps  occurred,  followed  by  a  standstill 
until  June  7.  at  which  date  another  sudden  fall  of  two  steps 
occurred,  and  a  minimum  was  passed  on  June  9  ;  light  =: 
9.8.  After  a  rapid  and  regular  rise,  a  faint  maximum  was 
passed  on  July  4  ;  light  =  14.6.  The  light  remained  nearly 
constant  from  June  l'7  to  July  19,  when  it  rapidly  decreased, 
and  a  faint  minimum  was  reached  on  August  10  ;  light  = 
8.4.  The  star  remained  faint  for  only  a  few  days,  when  it 
again  rapidly  brightened,  and  a  maximum  was  reached  on 
September  23;  light  =  20.2.  Another  rapid  fall  of  six 
steps  occurred  from  October  5  to  17.  followed  by  a  standstill 
until  November  21,  and  a  rapid  rise  until  the  observations 
terminated  on  December  13.  The  last  minimum,  a  rather 
brighl  one,  was  passed  ou  November  4  ;  light  =  12.9.  The 
interval  between  the  two  maxima  was  81  days:  the  interval 
between  the  1st  and  2d  minima,  02  days  ;  and  between  the  2d 
and  3d  minima.  86  days. 

6.     R  Co nis  Mujoris. 

Owing  to  the  low  southern  declination  of  this  Algol-st&r, 
and  from  the  fact  that  conveniently  observed  minima  only 
occur  at  intervals  of  7  or  8  days,  it  has  been  possible  to 
secure  but  one  good  determination  of  minimum,  which  oc- 
curred on  the  evening  of  1888  February  6.  According  to  the 
mean  of  equal  lights,  a  minimum  was  passed  at  8  35  .•"'. 
Cambridge  M.T.     Duration  of  observation  3h  26'". 

7.     o  Ceti. 
Observed   from   1886  October  2  to   1887  February  19.  32 
observations  being  obtained.     When  first  seen.  October  2. 

0  was  =  SUM.  —3  ,362,  or  about  9\2.  The  increase  of 
light  was  rapid  and  generally  uniform.  A  maximum  was 
reached  1886  December  30.     Maximum  brightness,  5  - 

>  30,s  (  U.A. i  Ceti,  and  2  steps  <  295  |  U.J.)  Celt,  or  4M.4. 
The  decrease  was  not  well  observed,  there  being  a  serious 
break  in  the  observations,  extending  from  November  28  to 
December  14.     When  last  observed,  on  February  19,  o  was 

1  or  2  steps  >  234  (  U.A. )  Ceti,  and  5  +  steps  <  224  {U.A. ) 
Ceti,  or  6M.5. 

8.     36  {U.A.)  Ceti. 

22  observations  of  this  star  were  obtained,  extending  from 
L887  September  in  t.>  1888  January  16.  When  first  seen, 
ou  September  in.  the  star  was  2  >teps  >  lit  (I'. A.)  I 
and  1  step  <  7  (U.A.)  Ceti.  or  6M.0.  The  increase  of  light 
was  rapid  and  rather  irregular.  A  maximum  was  passed 
December  3,  the  maximum  brightness  being  3  or  4  steps  >  7 
(U.A. )  <  '<  ti,  and  3  or  4  steps  <  L8  (U.A.)  Ci  '■'.  or  5M.6. 

The  light  remained  constant  from  October  12  to  Novem- 
ber 18,  or  37  days.  The  decrease  appeared  quite  rapid  and 
irregular,  and  when  last   seen,  on  January  17.  it  was  1  step 

>  28  (U.A.)  Ceti.  and  3  steps  <  10  (U.A.)  Ceti,  or  6M.5. 
The  light  remained  at  a  standstill  from  January  2  until  the 
observations  terminated. 
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9.  WOygni. 

211'  30™  33~. 'J,  +44°  43'. 7  (1855.0). 
Tbis  star  was  under  observation  from  1887  May  23  to 
1888  February  22.  57  observations  being  obtained.  These 
observations,  when  charted,  exhibit  four  well  determined 
maxima  and  minima.  When  first  seen,  on  May  23,  IF  was 
1  or  2  steps  >  DM.  44°,3889,  and  5+  steps  <  DM.  46°, 3305, 
or  6". 4,  and  had  evidently  just  passed  a  maximum.  The 
decrease  of  light  appeared  rapid  and  generally  regular.  A 
minimum  was  passed  on  July  23,  the  brightness  being  = 
DM.  43°, 4002,  or  about  6M.7.  The  rise  to  maximum,  from 
August  7,  was  very  rapid  and  uniform,  this  place  being 
reached  on  September  13  ;  maximum  brightness,  3  or  4  steps 
>  DM.  41  ,3889,  and  2  steps  <  DM.  16°,3305,  or  6".l. 
After  a  rather  rapid  and  very  irregular  fall  of  light,  a  second 
and  bright  minimum  was  passed  on  December  8,  the  bright- 
ness being  1  step  >  DM.  43°, 4002,  and  3  or  4  steps  <  DM. 
44°, 3889,  or  6M.7.  The  second  maximum  (after  a  rapid  rise) 
was  reached  1888  January  29,  the  brightness  being  2  oi  3 
steps  >  DM.  44,3889,  and  3  steps  <  DM.  16  ,3305,  or  6M.2. 
The  intervals  between  the  maxima  and  minima  were  the 
same,  or  138  days.  The  decrease,  from  February  :i  until 
the  observations  terminated,  appeared  very    slow. 

10.  ft  Pers 

Observed  from  1887  September  10  to  1888  April  6,  26 
observations.  Serious  breaks  occur  in  the  series,  notably 
from  September  17  to  October  12,  from  October  1!)  to  No- 
vember 5,  and  from  February  '.»  to  29.  The  observations, 
when  charted,  indicate  two  minima  ;  the  first  about  October 
17,  and  the  second  about  February  25.  These  determi- 
nations are  very  uncertain,  however,  and  are  probably 
several  days  in  error. 

11.  (3  Persei. 

Two  minima  of  this  star  were  obtained  during  the  year. 
The  times  have  been  determined  by  Si  honfeld's  method, 
given  on  page  93  of  the  36th  Jahresbericht  des  Mannheimer 
Vereins  fiir  Naturkunde.  The  times  by  each  comparison- 
star,  and  their  means  being  as  follows  : 


Com]).  Star 

8  Persei, 
s  Persei. 
if.  Trianguli, 


Camb.  M.T.  of  Min.  Weight 

J     b        in 

1887  December  5  'J   11.1  30 

11     3.8  27 

9   10.3  16 


1 888  February  9    7 


s  Persei , 
8  Pe,s,  i. 
a  Trianguli, 
1 1  Persei 

Mean,  1*88  February  !> 


3  9 

8.2 

73 

7 

57.2 

30 

8 

().:; 

35 

8 

13.2 

12 

7 

57.3 

1."! 

8     0. 


H2 


12.  Ii  Lyme. 

Although  .'10  observations  were  obtained  on  this  star,  ex- 
tending from  June  27  to  December  6,  so  many  gaps  occur  at 
critical  points  of  the  light-curve,  that  it  has  only  been  pos- 
sible to  determine  the  times  of  three  maxima,  with  any  de- 
gree of  certainty.  These  were  September  9,  October  15, 
and  November  29,  the  last  maximum  being  a  bright  one. 
A  minimum  occurred  about  November  10. 

13.  ;  Aurigae. 

Observed  occasionally  from  1887  October  12  to  1888 
March  1,  19  observations.  The  light  has  remained  nearly 
constant,  fluctuating  not  more  than  two  or  three  steps  :  but 
no  decided  phases  have  been  observed. 

14.     T  Monocerotis. 

The  observations  on  this  star  number  63,  and  extend  from 
1887  November  9  to  1888  April  16.  From  these,  and  using 
the  mean  light-curve  formed  from  the  1881-83  observations, 
the  following  epochs  of  maxima  and  minima  have  been  de- 
termined : 


Observed  Maxima 

I  >bserved  Minima 

a     h      in 

<1        h       i 

1887  Nov.  29   16  50 

1887  Nov.  20     2  18 

Dec.    27  10  53 

Dec.    20     7  16 

1888  Jan.    23     'J  55 

1888  Jan.    14   19   10 

Feb.    20    10     0 

Feb.      9     9  31 

Mar.    17    12     2 

Mar.     6     8  48 

Apr.    13  23  51 

Apr.      4     3     3 

LETTER    FROM 

Director  of  the 

The  Lick  Observatory,  which  was  built  under  the  direction 
of  the  Lick  Trustees  (Capt.  R.  S.  Floyd,  President,  Thomas 
E.  Eraser,  Superintendent  of  Construction),  is  at  last  com- 
plete, and  has  been  this  day  transferred  to  the  Regents  of 
the  University  of  California. 

All  obstacles,  some  inevitable  and  some  avoidable,  have 
been  surmounted.  This  has  required  knowledge,  skill,  pa- 
tience, time  and  money  ;  but  it  is  done. 

The  instruments  are  all  in  place,  and  ready  for  work, 
including  the  great  equatorial. 

All  the  important  object-glasses  in  the  Observatory  have 


PROF.   HOLDER, 

Lick  Observatory. 

j    been  made  by  Alvan  Clark  &   Sons,  and  have  been  pro- 
i    nounced  to  be  satisfactory  by  competent  judges.  Professors 
Newcomb  and  Young  anions;  the  rest. 

The  mounting  for  the  large  telescope  was  made  by  Warner 
and  Swasev  of  Cleveland.  It  has  likewise  been  inspected  by 
competent  judges  (Prof .  Newco.mb  and  Mr.  Burnhajm  among 
others) ,  and  pronounced  to  be  satisfactory  in  every  respect. 
The  moving  parts  of  the  75-foot  dome  were  built  by  the 
Union  Iron  Works  of  San  Francisco,  and  this  part  of  the 
dome  is  also  a  complete  success.  The  dome  can  be  revolved 
360°  in  nine  minutes. 
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The  elevating  floor  invented  by  Sir  Howard  Gri  BBwas  first 
adopted  here.  It  is  61  feet  in  diameter,  and  has  been  easily 
raised  16.',  feet  in  9  minutes  by  4  hydraulic  rams  in  our  experi- 
mental tests.  The  rams  have  but  just  been  completed.  All 
our  preliminary  trials  indicate  that  this  part  of  the  work  also 
will  be  entirely  successful. 

The  Observatory  begins  its  active  existence  to-night. 
The  astronomers  are.  Edward  S.  Holdex.  S.  W.  Burnham, 
.1.  M.  Schaeberle,  J.  E.  Keeler,  E.  E.  Barnard,  C.  B. 
Hii.l.  The  work  already  done  by  these  gentlemen  is  a 
guarantee  that  the  instruments  will  not  be  idle. 

Lie)  ■  San  Jos,',  California,  1888  June  1. 


The  Observatory  was  founded  to  promote  scientific  re- 
search.  It  also  receives  special  students  of  the  University 
of  California,  of  which  it  is  a  part.  Visitors  are  likewise  ad- 
mitted during  office  hours  every  day.  and  on  Saturday  nights 
(only)  from  7  to  10. 

The  Regents  of  the  University  of  California  have  provided 
for  the  future  of  the  Observatory  liberally  and  intelligently. 

Mr.  Lk  k's  original  idea  is  now  fully  embodied  in  a  practi- 
cal form.  The  results  of  astronomical  observations  made 
here  will  make  his  name  remembered  forever. 

EDWARD  S.  HOLDEN. 


DEFINITIVE   DETERMINATION   OF 

By  FRANK 

This  comet  was  discovered  by  Mr.  E.  E.  Barnard  at  the 
observatory  of  Vanderbilt  University.  Nashville,  Tenn..  on 
May  12.  It  was  then  0'.5  in  diameter,  with  a  stellar  nucleus 
of  the  11-12  magnitude:  about  perihelion  it  was  of  the  9-10 
magnitude,  with  a  tail  2'  long;  soon  after  it  became  diffuse 
and  elongated  in  the  direction  north  and  south,  and  was  last 
seen  by  Mr.  Barnard  on  August  11,  when  its  theoretical 
relative  brightness  was  0.3. 

1.  Preliminary  1 1  m<  nts,  perturbations,  ami  ephemeris.  — 
Several  sets  of  elements  were  published,  not  resting  however 
upon  sufficient  data  to  indicate  any  deviation  from  a  para- 
bolic path.  Finally.  Mr.  Chandler  (Astronomical  Jour, idl . 
No.  160)  noted  that  the  observations  could  not  be  satisfied 
by  parabolic  elements.  From  normal  places  for  May  14, 
June  12.  and  July  12.  he  computed  the  following  elements, 
which  represent  the  observations  closely,  and  are  practically 

definitive  : 

June  16.66108  Greenwich  M.T. 
15°    8'    3".  7) 

24.}    13   16  .8  [  1887.0 
17    32   53  .4  \ 

0.1441634 

2.5009248 

0.9956014 

Upon  these  elements  I  have  based  the  ephemeris  for  the 
preparation  of  the  normal  places.  That  the  differences  be- 
tween the  ephemeris  and  observation  might  contain  only  the 
errors  of  observation,  the  perturbations  were  computed  and 
applied  to  the  ephemeris.  All  the  planets  from  Mercury  to 
Saturn  were  considered  ;  the  disturbances  were  small,  and 
were  chiefly  caused  by  Jupitt  r.  and  by  the  Earth,  with  which 
the  comet  was  nearly  in  conjunction  during  the  whole 
apparition.  The  perturbations  of  the  rectangular  ecliptic 
coordinates  were  computed  for  every  eight  days,  and  the 
corresponding  changes  in  right-ascension  and  declination 
were  as  follows  : 
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June    3.0 

—  59 

—17 

—  3 

— 2.27 

+  0T4 

11.0 

26 

8 

2 

1.06 

—0.08 

19.0 
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■> 

1 

0.27 
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27.0 

0 

0 

0 

0.00 

0.00 

July     5.0 

6 

•> 

1 

o.25 

0.07 

13.0 

25 

9 

2 

0.94 

0.27 

21.0 

57 

20 

5 

1.96 

0.56 

29.0 

99 

36 

9 

3.17 

0.89 

Aug.    6.0 

153 

57 

15 

4.48 

1.21 

14.0 

—216 

—84 

—21 

—5.78 

—1.52 

To  avoid  introducing  any  irregularity  in  the  interpolation 
of  the  ephemeris,  Jo.  and  J8  were  separately  obtained  for 
every  day.  The  masses  and  places  of  the  disturbing  planets 
were  taken  from  the  Berlin  Jahrbuch. 

The  reduction  to  apparent  place  was  computed,  by  means 
of  the  independent  star-numbers  of  the  American  Nautical 
Almanac,  for  every  four  days.  By  interpolation  this  cor- 
rection also  was  obtained  for  every  day. 

These  corrections  being  applied,  the  following  is  the  result- 
ing  ephemeris  for  Greenwich  mean  noon  and  midnight  of 
each  day  : 
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25 

5    24.0 
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25 
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Comparison  of  part  of  this  ephemeris  with  an  ephemeris 
computed  by  Mr.  Chandler  showed  small  differences,  which 
Mr.  Chandler  explained  by  stating  that  in  the  reduction  to 
apparent  place  he  had  used  the  British  Nautical  Almanac,  in 
which  nutation-terms  of  short  period  are  neglected. 

2.  Comparison-Stars.  —  The  stars  used  lie  between  30° 
south  declination,  and  8°  north  declination.  The  positions 
of  all  stars  brighter  than  the  ninth  magnitude,  between  — 2° 
and  +5  .  have  been  kindly  furnished  by  Prof.  Koetazzi  of 
Nicolajew,  and  Prof.  Boss  of  Albany,  from  their  as  yet  un- 
published A.G.  Zone  observations.  The  positions  of  the 
stars  north  of  +5:  had  not  been  reduced,  bul  1  am  indebted 
to  Prof.  Bbdns  of  Leipsic.  for  the  apparent  places  of  these 
stars.  With  a  few  exceptions,  all  the  positions  from  the 
A.G.  /.lines  are  the  means  of  two  or  more  observations.    I  am 


also  indebted  to  Mr.  Skinner  of  the  U.S.  Naval  Observatory 
for  places  from  various  catalogues. 

South  of  — 2°,  the  southern  limit  of  the  Astronomisclie 
Geselhchaft  zones.  I  have  collected  nearly  all  the  obser- 
vations of  the  stars  used ;  this  appears  desirable  for  the 
detection  of  proper  motion,  and  the  elimination  of  accidental 
errors.  While  a  complete1  discussion  is  not  warranted,  some 
system  is  necessary  in  combining  these  miscellaneous  obser- 
vations. The  weights  given  below  were  assigned,  taking 
into  consideration  the  accuracy  of  observation  and  the  chance 
of  the  effect  of  a  proper  motion  too  small  to  be  detected. 
These  weights  were  used  when  the  places  depended  on  one  or 
two  observations  ;  for  three  to  six  observations  the  weights 
were  increased  by  one-half ;  for  seveu  or  more  observations 
they  were  doubled,  the  systematic  error  of  the  catalogues 
being  then  probably  in  excess  of  the  accidental  errors. 

For  the  sake  of  brevity,  I  have  given  only  the  adopted  mean 
place  and  the  authorities  upon  which  it  rests.  To  indicate 
the  various  catalogues  the  following  abbreviations  are  used: 


Weight  -]. 


A.  =  Oeltzeu's  Argelauder. 

A.G.  =  Astronomische  Gesellschaft  zone-.  Abbreviations 
are  attached  to  show  the  places  of  observations;  Albany, 
Leipsic  and  Nicolajew.     Weigh!    ,. 

A  N.  =  Star-places  in  Astronomisclie  Nachrichten. 

Ay.  =  Second  Armagh  Catalogue.     Weight  4-. 

B  =  Bonn  Observations,  Vol.  VI.     Weight  £. 

Br.  =  Brisbane,  Observations  at  Paramatta.     Weight  ^. 

C,  CZ  =  Argentine  General  or  Zone  Catalogue.     Weight  1. 
Cin.  =  Cincinnati  Zone  Catalogue.      Weight  },. 

Cp.  =  Catalogues,  for  the  epochs  1  MO,  '50, '60, '80.  of 
stars  observed  at  the  Cape  of  Good  Hope.  1840-60,  weight 
|;   1880,  weight  1. 

D.  =  Observations  made  at  Duusiuk.  1885.      Weight  1. 
G.  =  Gottingen.     Weight  i. 

Gr.  =  Greenwich.     Weight  J. 

L.  =  Lamont.     Weight  ]. 

P.  =  Pulkowa.     Weight  h. 

R.  =  Radcliffe,  1884^85-86.     Weight  1. 

Si.  =  Santiui.     Weight  \. 

Sj.  =  Schjellerup.     Weight  §. 

T.  =  Tacchini  (Washburn  Obs.  publications).    Weight  J. 

W.Z.  =  Washington  Zones.     Weight  \. 

Y.  =  Yarnall.      Weight  i. 

Comp.  indicates  that  the  places  were  obtained  by  a  com- 
parison with  a  known  star. 

The  Washington  zones  were  only  used  when  no  other 
authority  was  available. 


Mean  Places  for  1887.0  of  tin-  Comparison-Stars. 


No. 

a 

8 

Authorities. 

X... 

a 

8 

Authorities. 

1 
2 
3 

h         m        s 

15   10  57.34 

11     3.17 

15   11   45.84 

O          f           ff 

—29  43  55.8 

30     3  38.6 

—30  4  7  40.8 

A,  C,  Cp.    >"    60.  60, '80,  Y 

A,  CZ,  Y 

A,  C,  Cp  '40.  'so 

4 
5 
6 

:  i            i . 

15   12  .".0.07 

12   51.25 

15   13     4.02 

0           1            II 

— 28  33 

2'.'  29  22.:' 
—29  41   39.4 

A.  C 
CZ 

A.  CZ 
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No 

a 

•; 
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No. 

u 

£ 

Authorities 

~ 

h       m         s 

15    13   43.31 

—27° 52  33.5 

A.  B,  C,  Cp  '80 

63 

h          m         s 

10     8     4.18 

o       i         n 
—19      7   35-9 

AN.  W 

- 

14  34.31 

2:>     7     8.1 

cz 

64 

-    2H.7M 

10  22  21.8 

W,  Y 

9 

15  53.22 

2-  56     v 1 

A.  Br.Cp'80,CZ,T 

65 

8  -  . 

9  20  5.-,..-, 

L.  Sj 

10 

16     3.30 

28    If.      !.:'• 

A.  C  /. 

66 

9  28.64 

s     i     9.6 

P,  Sj 

11 

20     0.26 

27  34   34.0 

A,C,  Y 

07 

11  48.66 

7     7   10.4 

w 

U' 

21  20.73 

26    14  23,. 5 

( 

68 

11  51.75 

-      0    12.7 

w 

13 

21    22. so 

27  l.",  :,'<.'< 

CZ 

69 

12  44.00 

8  47  32.7 

s.i 

14 

2!   32.51 

26    13,   27.7 

( 

70 

13     Cl- 

6  35  51.1 

w 

15 

21   44.37 

20  38     0.3 

cz 

71 

lO     7.66 

7  21    35.2 

Comp 

10 

21   58.42 

20      7   11.4 

cz 

72 

10  25.24 

0  .",;,  4  7.2 

\V.  s.- 

17 

22    10.42 

26    12    18.1 

A.  CZ 

— ., 

,  0 

16  5 

6  .",o.7 

LL 

17' 

24    15.11 

2.',  35  32.4 

Comp 

74 

18  12.54 

6     9   12.0 

W 

17- 

2.'.   15.94 

25    3d   50.2 

Comp 

75 

18    ! 

6   27  43.0 

Harrow  Mer  Ci 

■cle 

18 

26  ; 

25  l'i   ;,6.5 

A.  C,  Cp'80,WZ,  Y 

76 

18  46.97 

7  21  41-4 

Sj,  W 

19 

20  28.38 

24     0  21.5 

A.  Cp'80,  Y 

77 

18  54.40 

5  47   29.7 

(  omp 

20 

27    12.20 

24  43  4(03 

A.  l'.i.t  .  Cp              ^ 

7s 

19  28.79 

5   5(i     9.6 

L 

21 

2-    23.30 

24  43  3,1.1 

A.  C,  Cp  '80,  5 

79 

19  37.28 

3   12.5 

LL 

22 

29  27.78 

24    1  1    12.3 

(  omp 

80 

19    18.78 

5   5(1      9.5 

1. 

23 

29  54.76 

28  37     8.1 

B,  C  .  T 

81 

17.93 

4   25     6.1 

s.i 

24 

3(1 

24    12  40.3 

CZ 

82 

22    18.21 

5   11   38.2 

Sj,  W 

25 

30   32.14 

23   16  37.0 

A.  AX.  CZ 

83 

23     9.24 

3    12     3.1 

Sj,  w 

26 

•■in  32.92 

21    m  54.0 

Paris  Mer  Circle 

84 

23  37.45 

5      2   ;,3.<l 

AX 

27 

3n  36.63 

24     2     .",.1 

A.  CZ 

85 

23   ;,9.41 

2   27   32.3 

sj.  \Y 

28 

2,(1  55.03 

21   45  34.1 

(  .  1).  Y 

86 

21   25.78 

5  50  48.5 

AN.  Sj,  W 

29 

3.2     0.17 

22  40    I". 5 

A.<  .  T.  Y 

87 

2  1    11.45 

1    25      2.0 

Comp 

3.2   25.3 

22     0   12.1 

\YZ 

88 

26   13.57 

3    13,    211.3 

(  i  imp 

31 

•",2    12.51 

22    10    10.2 

A.  AN,  (  .  Y 

88 

26    Li 

4    15    12.7 

Sj 

32 

32    51.110 

23   25   ; 

C 

88* 

27 

3     8  29.8 

(  omp 

:;:; 

32  57.90 

23    21     | 

( 

28      1.92 

3    33      3.1 

AX.  L 

34 

2.3      ;,.71 

22   31    22.0 

Y 

90 

28  28.62 

3  46  36.4 

L 

35 

33,    . 

23  20  59.1 

C ,  C  p                           1 ! 

91 

29  58.47 

2  57  23.2 

Comp 

36 

."..".   44.70 

22      7      5.0 

C<>  nip 

92 

30  2 

2     4   3(3  1 

C,  1) 

37 

3,1     8.62 

21    14    11.3 

B 

93 

31     7. imi 

2  20     3.4 

sj 

2.5    13.61 

22   54   25.2 

A.  B,  C,  T 

91 

31   26.36 

2    18    51.0 

Sj,  w 

39 

:'.5   15.68 

23  56     7.1 

A.  C,  1. 1..  WZ 

95 

32  26.17 

2    12   10.0 

Sj,  w 

to 

I5.1H 

20    15    14.3 

A.  WZ 

96 

32  42.68 

1    49  51.7 

1. 

41 

37    123(7 

22      1       !.o 

A.  WZ 

'.'7 

32    13.32 

1     0   L6.3 

1. 

42 

-     :,.i" 

21      !i   39.6 

Comp 

32 

:   293) 

AG    Nic 

43 

4(1    5 

18    16    .  - 

A 

99 

34  35.87 

1  37   10.3 

AG  Nir 

44 

40  47.39 

2d      0   5(1.1 

AX.  15.  Cm 

100 

34  58.26 

1   46 

Sj,  w 

45 

11 

21    17     6.7 

Paris  Mer  Circle 

101 

:;.",  55.54 

1   55  36.5 

AG  Nic 

46 

42     7.82 

18   52      0.6 

A 

ln2 

6.27 

i,  -j. 

W 

47 

43      5.51 

2d   25   5ii.O 

A.  AX.  15.  Cm 

103 

36  30.15 

1    14  51.2 

i     -nip 

48 

15     7.86 

is   35    11.:' 

A.  Y 

1(14 

.1.57 

—  l   53  56.6 

Al .  Xic 

49 

45   47.3,3 

IS      :,   4      - 

A 

105 

:   ;2.02 

+  0     8  40.1 

B 

49" 

10   40.17 

19  47  41.3 

C.  Y 

106 

37 

—  0  34   14.0 

<;.  L 

:,.! 

48  28.55 

19     2  y.',.:', 

A.  (  x.  i:.  Y 

107 

3,7  5i 

1   23  40.2 

B 

51 

56  13.19 

13  29  47.0 

B 

108 

38    20.(13 

0     1      4.7 

Comp 

52 

l.-.  58    . 

11     3  36.0 

AN.  I  .  R,Sj,W,  Y 

109 

39      lJHi 

0     7  43.4 

At,  Xic 

53 

16     0  4'\    - 

11  59  40.5 

Gr  'id.  \Y 

110 

39  56.96 

—  0  33  16.6 

a<  ;  xic 

54 

1      2.65 

12  49  46.0 

Sj 

111 

41   34.73 

+   0     0  14.3 

L 

.".5 

1   19.87 

12  20  25.9 

(  .  i; 

112 

13    Ki.53 

1      5   2  1.7 

L 

56 

1   30.111 

11  30  50.8 

w 

113 

44     2,.  13, 

2     0  38.5 

Al .  Alb 

57 

:,     6.14 

11    15     4.0 

Comp 

114 

1  1    5  2.5.', 

ii  30  56.0 

B 

58 

3     6.50 

12     4   31.3 

AX.  Sj,  W 

115 

45  30.02 

1   35     9.7 

At.   All. 

59 

3  38. 09 

10  49   57.6 

si.  W 

116 

45  40.97 

1   24  33.1 

Gl+Sj) 

59" 

4  38.89 

11  46   13.2 

Sj 

117 

47  4(1.13 

1   32   lo.4 

AG  Alb 

: 

5  18.22 

10  58     4.5 

Comp 

118 

18  26.83 

2     2  28.6 

L 

59a 

5  45.18 

10  19  41.3 

B 

119 

50   22.22 

1   36     7.4 

M.  Alb 

60 

5  49.49 

9  46  13.3 

AX.  Sj,  W 

120 

51   30.66 

3  20  21.5 

AG  AH. 

61 

6     7.69 

10  54  26.0 

si.  W 

121 

52   19.85 

2  31      2.3 

W 

62 

16     7  35.11 

—10  17  13.4 

w 

122 

16  54     5.50 

+  2  31     3.7 

AG  Alb 

- 
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No 

a 

ft 

Authorities 

No. 

a 

ft 

Authorities 

h       in 

t            it 

.    h       ra        s 

O           |               ff 

L23 

16  58  57.16 

+  2  55  27.4 

AG  All. 

ll.V 

17  20     8.04 

+  6  51     3.0 

B 

124 

17     4  30.38 

5     2    18.3 

A<  i  Leip 

146 

26  06.76 

7  36     0.6 

AG  Leip 

125 

5     7.  :'.•"> 

5  31    19.2 

147 

28     4.41 

7   10   2:1.:; 

" 

126 

7     2.80 

5     2  43.4 

148 

28   27.14 

8  11     O.o 

(< 

127 

7   18.84 

6   11      1.4 

•• 

1  19 

;;i   29.64 

7   01   50.0 

128 

8    11.42 

5  56  32.6 

•• 

150 

35   12.11 

8  32    H'. 7 

129 

8    I7J»7 

5  35     2.0 

Comp 

151 

36  20.76 

8   16  31.4 

130 

10  55.07 

5   1  0   1  •")  .  5 

AG  Leip 

152 

07  32.46 

8     6  49.8 

.',  (W  +  LL) 

131 

11   21.54 

5  58  23.9 

Colli]) 

153 

38     6.16 

8  29   10.1 

B 

132 

13  21.41 

6   12   17.2 

AG  Leip 

104 

38  20.62 

8  39  59.5 

A( .  Leip 

133 

14  18.38 

6    10     4.2 

" 

155 

42     8.30 

8  35  22.7 

134 

15   18.1  1 

6  32  59.1 

156 

45  39.37 

8  33  41.9 

135 

15   21.47 

6    18   24.4 

.. 

107 

17  29.06 

8  50     7.2 

B 

136 

15  54.89 

•  :    12  35.2 

L,  W 

158 

47  30.14 

8  43     5.4 

B 

137 

16  48.80 

6   h;    8.7 

AG  Leip 

159 

17  40  59.13 

*   00    10.0 

A.G.  Leip 

138 

17  50.19 

6  43  46.0 

Comp 

160 

18     8  29.90 

8  56  44.1 

W 

139 

17  54.30 

7  11   59.9 

B 

161 

s  55.59 

8  .".1      4.3 

A.G.  Leip 

140 

18  55.62 

6  37  26.7 

A<;  Leip 

162 

0   00.02 

8  0i;  43.1 

•• 

141 

19  44.46 

6  .".1   54.8 

.. 

163 

9  45.65 

8  45  20.4 

Sj,  W 

142 

20     2.40 

6  40  49.0 

.. 

1 6 1 

12  41.20 

8  47  39.4 

Comp 

143 

20  51.72 

7  41    42.6 

165 

10   36.:'.  1 

8  .".1   40.9 

A.G.  Leip 

144 

23      1.19 

7   21   40.7 

t< 

166 

IS   17   17.22 

+8  43  45.4 

a 

140 

17  24     8.62 

+  7  36  36.2 

k 

REM 

3.  The  Cape  Catalogue  of  1880  gives  a  proper  motion  of  -4-03.010 
deduced  from  comparison  with  the  Catalogue  of  ls-io.  but  the  other 
observations  do  11..1  sustain  the  determination. 

7.     A  provisional  proper  motion  of  —  0".0S  in  ft  was  used. 

18.  Prof.  Kortazzi  used  a  proper  motion  for  this  star  and  the 
preceding  one  determined  by  comparison  with  Lacaille :  Lacaille 
not  bein:r  available  I  have  used  a  provisional  proper  motion  of 
+0S.010  in  a. 

20.     The  S.P.D.  of  Brisbane  5382  requires  a  correction  of  — 5'. 

28.  The  declination  of  Yaiixai.i.  6425  is  incorrect.  Prof.  Frjsbt 
has  kindly  given  the  correct  declination  for  18G0,  — 21°  39'  9".6. 

.  1  Lalande  not  being  available,  a  provisional  proper  motion  of 
+0S.005  in  a  was  used. 

3.  Observations  of  the  Comet.  —  On  collecting  all  the 
observations  published,  313  were  found  available.  The  right- 
ascensions  and  declinations  given  below  are  the  observed 
values  corrected  for  parallax  and  for  the  adopted  places  of 
the  comparison-stars  :  Jit  and  J',  are  the  differences  (O — C) 
between  these  values  and  the  values  given  by  the  ephemeris. 
The  observations  are  arranged  alphabetically  with  reference 
to  the  place  of  observation.     The  name  of  the  observer,  the 


ARKS. 

:;:..     Prof.  BOSS  irives  the  proper  motion  as — 0s.O09  and — I 
,A.J.  157    . 

44.     A  proper  motion,  given  in  the  Cincinnati  Zone  Catalogue,  of 
—  0S.0075  and— 0'Mll  was  used. 

.'."..     There  appears  to  be  a  small  negative  proper  motion  in  right 
ascension. 


66.  The  proper  motion  of -f-0».0112  and— 0"314.  given  in  the 
Pulkowa  Catalogue,  was  used. 

:>2.  The  right-ascensions  give.,  in  1. 1..  W,  P.  Sj,  C,  D,  and  A.G. 
Nic.  arc  well  satisfied  with  a  proper  motion  of  +  0».02S.  The  decli- 
nations  arc  very  discordant  but  arc  best  satisfied  with  a  proper 
motion  of  — 0".09. 

aperture  of  the  instrument  used,  and  the  place  of  the  publi- 
in  of  the  observations,  are  given.  In  many  eases  the 
character  of  the  instrument  used  was  not  stated:  in  these 
ciiscs  it  has  been  assumed  in  accordance  with  the  known 
equipment  of  the  observatory  in  question.  1\.  denotes  that 
a  ring-micrometer,  and  Mer.  that  a  meridian  circle,  was 
used,  in  other  cases  a  iilar-mierometer  was  employed. 


Gr.  M.T. 

a                          ft                     J  a 

J8 

* 

Gi  M.T. 

« 

ft 

Ja 

/ft 

* 

Albany.     Boss.     13  in.     A.J.  157 

Algiers 

.     Rahbaud. 

A.N.    2788; 

B.A.  O 

.t..  No\ 

Mm            1         h       in                              0       '       "       I              s 

1 

Maj 

0     p 

s 

■■ 

13.67719     10  12  20.13—30    5  44.0     +0.28 

—  5.3 

2 

l'.U  1698 

10  22     2.87 

—26  40  47.4 

+  1.11 

—  3.5 

14 

10.7H-.s-j           1:,  38.40       28  0:.  2.;.:;    (—0.71 

4.1) 

9 

20.37656 

23  40.7.; 

26  10  19.6 

0.31 

—   8.5 

17 

Is. 72316          20  16.43       27  12  52.6 

+  0.01 

—  0.2 

13 

21.36892 

20  27.82 

20  31   16.7 

.49 

+    0.1 

18 

23.71682          29  16.85       23  55  30.0 

+  0.30 

+    0.2 

27 

23.. -.7002 

29    9.03 

24    9  50.2 

.74 

—  8.0 

24 

23.70003     15  29  50.83   —23  53  58.9 

+  0.21 

—  0.9 

38 

2  1.07006, 

31     0.84 

23  27  51.0 

.05 

6.2 

23 

May  15.     Observation  doubtful. 

20.  11'.'  20 

33    0.70 

22  43    4.6 

- 

2.6 

Algiers.    Rahbaud.    00  cm.    A.N.  2788 ;  B.u 

4.  Oct..  : 

\OV. 

26.40731 

34  04.24 

22    0    0.7 

+  0.06 

0.7 

40 

May            |                                                                                1 

28.40828 

10  38  50.08 

—20  30  36.3 

—0.16 

—  6.3 

39 

16.46698     10  16,  55.30 

—28  33  44.5      +0.53 

—11.6 

10 

18.39274     15  20  12.44 

—27  25    5.3  1    +0.81 

—  7.8 

11 

175. 
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Gr.  M.T. 


J« 


J8 


Algiers. 

- 
9.35318 


Rambatjd.     A.N.  2788;  B.A.  Oct.,  Nov. 

"      I, 


18  1146.86    +    8  5126.9         0.00    -    1.8      163 
18  13  35.23    +    84846.2    (—0.93  —  5.8)    164 

May  16-24.     Signs  of  parallax-factors  for  ,;  changed. 
May  26.     Siiiii  of  J8  changed. 


Algiers.     Trepied 

16.42894 
18.36561 
19.41858 
20.36493 

2 1.36002 
23.35992 

24.364 13 
25.4 

2s.:;2227 

■      - 

8.37098 
9.36638 


50  em.    A.N.  2788  ;   B.A.,  Oct.,  Ncn 


15  16  51.62 

20  9.27 

21  59.46 

22  39.. 34 
25  21 

29  7.13 

30  59.67 
32  59.30 

15  38  47.12 


18  11  43.76 
18  13  36.69 


-28 
27 
26 
26 
25 
24 
23 
22 

-20 


35  11.2    (—0.78 
26  10.4      +0.56 


46  56.2 
10  41.2 
31  44.0 
lo  30.6 
2-  23.5 
4  1  52.0 
:;i    18.5 


.68 

..".4 

.61 

.59 

0.17 

1.30 

+  0.01 


-19.5) 

13.0 

8.0 

3.1 
5.9 
7.4 
9.6 

7.7 
■  7.2 


+   8  51  18.2     —0.18  —  7.7 
+   ;  48  41.9    (—0.98  —  7. 'J) 

May  16-24.     sign>  of  parallax-factors  for  S  changed. 


10 
11 
14 
17 
18 
24 
23 
37 
39 

163 
164 


Algiers.     St.     ">h  cm.     B.A.,  Nov. 
9-38796     18  13  39.17    -   8  48  37.5    (—0.96 


8.7)    164 


Berlin.     Battermann.     6f  refr.  A.D 

June 

16.4572*  16  19  55.47  —  5  47  44.1 
24.47733  38  4.18  —  0  35  24.9 
26.43876  16  42  29.45  +  0  29  55.0 


2808. 

+  H.54   —13.8 
I       1.90    +17.4,    106 
+  1.79  —10.6      114 


Berlin.     Knorbe.     9  in.?     A.N.  27-7.  . 


May 

23.45273     15  29  17.47—24    6  36.8      +0.56 

June 

24.43564  16  37  56.84  —  it  37  10.6  +0.20 


--  5.2 

—  7.6 


106 


Besaucou. 

Jane 

13.46540 
14.47581 
16.45435 
16.49858 

17.41889  16 

Julv 

8.39210  17 

8.41500 
12.40788 
12.48854 

16.414H7 
23.46638  17 


Grcet.     8  iu.      C.R.  XV.  13. 


16  13  12.26 
15  28.70 

19  54.7s 

20  0.65 
22    5.88 

8  56.88 
8  59.42 
17  34.08 
17  44.27 
26  0.08 
10  28.71 


+ 


+ 


7  59  6.1 
7  13  37.1 
5  47  42.6 
5  46  0.7 
5    6  57.6 

.".  35  51.2 

5  36  15.4 

6  4:1  21.7 

6  11  30.9 

7  35  23.9 

8  33  35.9 


—22.3 
1.23  +  3.8 
0.25  —    1.8 


.14 
+  0.82 

+  0.45 
.01 

.52 

.43 
+  .17 
—0.79 


16.2 

—  7  8 

+    6.2 

+    4.1 

—  17.7 
17.6 

0.4 

—  6.7 


l'„s 

71 
80 
80 
83 

129 

1  29 

14o 
1  Hi 
146 
155 


July  16.     J  X.P.I),  incorrectly  added. 


Besaneon.     Guillen-.     7  in.  Mer.     C.R.  XV.  13. 


Jane 

17.42450 
18.42332 
20.42102 
21.41984 
22.41866 


16  22    5.77 

2  4  20.87 

28  51.81 

31     7.50 

16  33  23.30 


5  6  30.6 
4  25  32.6 
:;  5  40.9 
2  27  13.1 

1  48  57.1 


+0.05 

+   5.1 

.28 

—19.7 

.30 

23.7 

+    .14 

—23.9 

(—0.13 

+  27.::  t 

Gr   M.T. 


Jo 


Besaneon.     Herique.     8  iu.     C.R.  XV.  13. 


18.45995 

2C14311 
21.50811 
22.45071 

2:;.  17H95 
24.  i. 

July 

16.45592 


16  24  26.64   —   1  23  52.6 


2*  55.35 

31  20.45 

33  28.32 

•  16.57 

7  56.13 


3    4 

2  23  28.2 
1  48  21.9 
1  11  18.2 
ii  :17  30.9 


+  0.53 

.25 
.8 

.8 

.68 
+0.41 


—  9.7 
—15.3 
+   0.2 

—  8.5 
9.0 

—  7.9 


17  26    5.88    +    7  35  47.2  |   +0.74 


July  16,  J  X.l'.D.  incorrectly  added. 


15  36  52.24   —21  15  31.7 


Bordeaux.     Courty.      14  iu.     A.N.  2793. 

>l»v 

27.40909 

June 

9.41395 
10.42858 
16.39597 
17.40344 
17.40344 
21.40736 


16     4  11.65 

6  26.09 

19  46.89 

22     2.26 

22    3.81 

16  31     6.25 


-11     5  21.0 

in  17  46.6 

5  on  16.1 

5     7:i2.1 

5     7  4 3.1 I 

-  2  27  26.8 


Bordeaux. 
27.47768     15  37 

June 

13.44806    16  13 

2.S.41I344     16  47 

.lulv 

1.56054 
12.51014 
22.47940 

27.4*267 
29.  15557 

11.  i 
8.42611 

10.4.;ihi7 


Fi.amme.      14  iu.     A.N.  2793,  2803. 


0.26  —21  12  26.0 


9.46  —  7  59  32.4 
5.20  —  1  34     6.2 


16  53 

17  17 
38 

4.s 

52 


17 
18 


46.89 
29.84 
33.79 

2S.M) 


3    0  59.2 

6  lo    2.9 

8  27  45.5 

50  57.1 

55  53.9 


July  29. 


11 
18  15 

Sign  of 


22 
26 

11 

12. 

14, 

15. 

18. 

22 

29, 

30, 

2, 

6 
7 
11 
13 
19, 
24. 


Bordeaux 

Mav 

,4231 
4127 


1.49   _      55  41.7 
50.37  51  20.6 

39.04    +    8  45  49.2 

A  N.P.D.  changed. 


Rayet.     14  iu.     A.N.  271'.;.  2803. 


June 

4  4  2H 1 
40966 
43718 
12183 
43440 
13296 
16871 
42517 

July 

1.1114 
117m', 
42414 

11571 
41942 


15  27 
15  34 


16  8 
10 
15 
17 
24 
33 
in 

16  51 

1 6  ■'::> 

17  4 
6 

15 

19 

32 

17  42 


23.52 
56.54 

40.77 
50.25 

22.22 
35.68 
23.04 

24.70 

24.52 

56.48 

47.14 
49.86 
28.16 
4it.l9 
17.45 
25.30 


—24  4l»     4.H 
—21  59  51.1 

9  32  6.9 
8  46  30.9 
7  15  39.8 
6  32  8.5 
4  24  51.4 

1  49    8.2 

2  2  53.0 
30    2.0 


+   2 


+ 


+ 


3  24  27.4 

4  57  23.6 

5  16  50.5 

6  28  28.1 
6  58  10.6 
8  5  19.1 
8  38  56.1 


July  2.     $  changed  10'. 
Julv  7.     a  changed  lm. 


HI 

100 
103 

lm 


5.0     146 


0.00 

+  0.55 

—  7.1 

.45 

+    1.1 

+    .25 

—  8.6 

—  .71 

3.5 

+   .84 

15.3 

+  0.30 

—  8.9 

+0.55 

—  0.8 

+  0.23 

—  1.9 

+  0.46 

—10.8 

+0.41 

—  0.7 

.29 

+   4.4 

.49 

—  4.6 

.20 

+   2.6 

+  0.16 

+   8.4 

+  0.22 

+  11.2 

.13 

2.8 

+0.25 

+   7.6 

+  0.91 

—  9.7 

+  1.72 

—  10.5 

(  +  0.08 

-77.7) 

+    .29 

0.9 

—  .05 

—16.4 

+    .65 

+   0.9 

+    .39 

—  5.7 

—  .41 

15.5 

+   .52 

9.4 

+0.43 

—  8.1 

+  0.42 

+   2.0 

.28 

(  43.0) 

.32 

0.6 

.39 

5.2 

.70 

10.0 

.49 

2.1 

+  0.24 

+  11.6 

37 

52 
64 
86 
82 
84 

85 


37 

66 
119 

123 

133 
I  5i  i 
159 
159 

lfiO 

161 

166 


20 
30 

65 

69 

67 

70 

81 

104 

113 

122 

120 
126 
130 
141 
135 
1  i- 
156 


.-,(1 
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Gr.  M.T. 


da 


J8 


Bothkamp.     J.  Lamp.     30  cm?    A.N.  2792,  2797. 


15.46852 
16. 15355 
24.48831 
28.48334 

July 

25.43343 

25.45595 


h   ii 

16  17 
19 
38 

16  47 

s 

42.19 

55.82 

t.53 

3.62 

17  44  27.65 
17  44  30.37 

-  6  30  11.1 
5  L8  53.6 

—  0  35  29.1 
+    1  33  54.2 

+   8  43  28.5 
+   8  40  32.6 


+  0.85 
.39 
.7(1 

+0.24 


—  2.7 
13.8 

9.6 

—  4.6 


+  0.11     + 

+  0.12  !  + 


2.8 

1.1 


72 

86 

IKi 

117 

1 158 
i;„s 


Cambridge,  Muss.     Chandler.     0.5  in.     A.J.  163. 


30.63543 
30.65337 
30.66104 

July 

L2.58900 
12.61558 


15 

43 

20.46 

43 

22.19 

15  43  22.90 

17 

17 

56.59 

17 

18 

1.18 

S  -IS 

22.1 

47 

23.6 

s  17 

9.9 

6  4(1 

l.s 

0  16  31.8 

+0.80 

+0.10 

—0.06 

+  1.11 


—  .s.4 
+  0.4 

—  7.4 

-  6.4 

+  o.:; 


Cambridge,  Mass.  Wendell.      15  in.     A.N.  2799. 

May 

13.63318  15  12  16.26  —30     7    4.1  +0.44  --  2.4 

14.63784           13  53.50  29  34  59.8  +    .28         3. 

19.66315          22  24.49  26  37  35.6  —.10         .",.0 

25.63713          33  25.23  22  33  36.3  +.27          1.0 

30.60634  15  43  15.89  —18  49  37.3  —0.21  —  2.2 


7.0O177 

8.59124 

13.69348 

14,69343 

15.00010 
25.64926 


15  12  16.20 

13  53.50 

22  24.49 

33  25. 2:; 

15  43  15.89 

16  0  12.47 

2  23.15 

13  12.:;.-. 

15  45.10 

17  58.95 

16  40  39.69 

+ 


30  7 

4.1 

29  34 

59.8 

26  37 

35.6 

22  33  .-,0.3 

l.S  I'.l 

37.3 

12  30  53.5 

1!  13 

55.9 

7  is 

32.2 

7  7 

52.7 

6  24 

25.S 

0  3  39.9 

—0.01 

+    .67 

+    .15 

—  .46 

0.15 

(  —  1.23 


—  7.0 

+    1.9 

—12.2 

7.9 

1.2 
—28.3) 


19. 
21. 
21. 

2.", 
24. 
27. 


(ape  of  Good  Hope.     Fini.ay. 

50700  15  22  15.01  —26  40  14.9 

28890  25  29.50  25  34  32.8 
2'.i  150 

24944  28  54.54  24  15    3.2 

27 17:i  30  49.43  23  32  13.8 

60281  15  .",7  12.37  —21     7     1.1 


.21528 
.23044 

.50669 


15 

10 


1  33.66 

3  47.22 
L6  22  17.86 
igns  of  parallax-factor: 


—  12     I   ."»;,.:  1 
11  13  57.2 

—  5     3  18.4 
for  a  changed. 


+  0 

(      9 

(10. 

0 

+0. 
(-2 

+  0. 


A.N.  2805. 


51 
85 

si) 
33 
39 
13 


+  0 


4.9 

5 . 5 ) 

5.0 

5.2 

12.2) 

13.3 

0.1 

'.1.0 

40 
43 

4.s 

137 
142 


2 

5 

14 

2!) 
46 

55 
02 
68 
73 
72 
105 


12 
171 
17- 
22 
23 
42 


9. 
17. 
Si 
Right-ascensions  given  half  weight;  declinations,  double  weight, 


Dresden.  Engelhardt.  30  cm.  A.N.  2786, 2788,  2792, 2797 

Ma: 

L9.44089     15  22    2.56—26  45  46.4      +1.43+11.2        12 

22.12021     15  27  23.86—24  48  50.9      +0.9] 1.1        21 

.in 


13.42811 

July 

L6.41721 


15 

22 

2.56 

15 

27 

23.86 

16 

13 

7.00 

17 

2C 

0.29 

+ 


26  45 

46.4 

21  is 

50.9 

8  0  18.5 

7  35 

21.0 

+0.45 
—0.01 


-24.2 

-  l.s 


66 

145 


Geneva.     Kammermann.      10  in.     J. A',  2823. 


May 

I!!    UMTS 
June 

6.38892 

10.IH752 
12.38933 
L3.38213 
11.11  156 


15 

21 

58.26 

15 

57 

34.81 

16 

6 

23.33 

10  17.10 

13 

1.07 

l'.i  15 

20.40 

-2i;   17     5.4       +0.31 


-1:1  28  31.0 

10  is  52.0 

s  17  24.9 

s  2  35.0 


+0.64 

.1:1 
.22 


+    0.4         12 


+ 


0.70  — 


3.8 

5.i; 
0.7 
7.3 


(ir.  .M.T. 


J  a 


-M' 


Geneva.      Kammermann.      10  in.      A.X.  2823. 


June  li        111        E  Off/                      s 

15.40781  10,  17  33.50  ]—  6  32  51.7  +0.36 

16.40743  19  48.56  5  49  48.8            .37 

17.41032  22    3.96  I  5     7  17.0            .06 

21.40737  31    6.51  1  2  27  35.9           .56 

24.38109  37  19.49   —  0  39    5.5           .25 

27.39468  4  1. ",0.77    +  1     0  25.2  +    .07 

29.39141  t9    5.26  2    0  45.4  —  .19 

30.39161  5120.13  2  29     7.0  +    .53 

30.41103  16  5123.1!)    +  2  29  40.4  +0.99 


-  o-;> 
10-7 

5-7 
18-0 
2-7 
8-6 
2.0 
7.0 

-  6.0 


72 

78 

82 

93 

106 

112 

118 

121 

121 


June  7-9.   19,  23. 
could  be  obtained. 


No  accurate  places  of  the  comparison-stars 


Gohlis.      Winkler.     6  in.  R.     A.N.  2797. 


June 

13.46839 
14.45962 

16.48353 
17.46409 
18.47932 

19. 45156 
22.43750 
22.4646] 

25.40H74 
25.49381 


16  13  13.21 
15  26.40 

19  58.73 
22  11.99 
24  29.60 

20  40.91 
33  2C. .",2 
33  30.19 
40  17.40 

16  40  20.11 


7 

58  22.6 

7 

14  39.1 

5 

46  51.4 

5 

5  17.4 

4 

22  56.7 

3  43  45. s 

1  48  51.6 

1 

47  51.4 

0 

1  46.9 

0 

1  18.6 

+  1.25 
1.11 


+  13.1 
-15.3 
0.25    (    28.4) 
si        21.1 


.si; 
.33 
.80 

.79 
.70 


1.2 

10.5 

19.0 

—  8.8 

+   5.3 


+  0.51    —15.0 


Gottingen.     Clemens.     0  in.  R?     A.N.  2,92. 


15.46252 
16.46674 
17.43164 

17.50755 
22.46704 


16  17  42.10 
19  57.02 
22  6.96 
22  is. 74 

16  33  31. os 


6  30  38.8 
5  47  27.4 
5  6  33.3 
5  2  55.2 
1  47  43.6 


—0.13 

+  0.81 

0.17 

(      1.68 

+  1.27 


— 15.5 
21.3 
— 15.5 
+  12.0) 

—  7.7 


66 
76 
86 
84 
88 
89 
100 

99 

109 

111 


7o 
74 
82 

-; 
90 


June  2L'.     Condensation  following  the  center. 
Right-ascensions  given  half  weight. 


t  iiveiiwich.     Tl  l.'Ni.n.      6. 


1  in. 


A.N.  2797. 


June 

12.500  75 
19.46981 
19.17155 

June   12. 

June  18. 

parison-stars. 


16  11     2.35   —  8  42  17.1 

26  11.10         •",  43  10.4 

10  20  43.84   —  3  12  50.3 

Dow  mm;,  observer. 

l'u o  observations  i>\  Hollis 


f-0.29 

+  8.1 

69 

1.10 

—  18.9 

89 

+  0.14 

—  10.1 

90 

No  place-  for  the  com- 


Hamburg.     Luther."    26  cm.     A.N.  2.92. 


16.48924 
17.1 1567 
19.47826 


16  19 

59.11 

22 

8.33 

16  20  11.20 

-  ."1  10  8.3 
5  5  43.0 
3  12  31. J 


—0.14 
—0.35 
+0.06 


+  o.l 
—  0.5 
+   0.2 


32 
90 


Harrow.     Tdpman.     18  in.  reflector  R.     M.N.  1^ 

12.48266 
15.  is:, 7 1 
15.48574 
17.4919:1 
19.47256 
22.45988 

June  19.    Time  of  observation  changed  30m.    Declinations  given 


—  7  10  28.4      +1.17  —  4.9 


51 
59 
69 
68 
1 1  I  half  weight. 


10  11  0.03 

—  8  43  17.9 

+  0.29 

—  6.3 

17  11.21 

.'>'> 

72 

0  29  35.5 

12.8 

75 

22  15.20 

5  3  52.4 

.25 

6.0 

82 

20  43.94 

3  42  51.7 

.51 

—  6.7 

- 

16  33  29.12 

—  147  51.6 

h  0  13 

+  1.5 

96 
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Or.  M.T. 


J«< 


J  8 


Kiel. 

Mav 

14.41 

16.46411 

21.46071 


E.  Lamp.     22  cm. 

h       m     s 

15  13  37.04 

16  54.99 

15  25  37.84 


o   '  n 

I  41.9 

-  1  - 

—  2.2 

28  33  34.5 

.52 

+  1.3 

25  27  48.7 

4-0.90 

—  3.9 

Kremsmunster. 

Mav 

15.42241 
26.4288 

June 

13.45559 

15.40927 

18.48* 

19.44589 

19.46184 

23.45744 

24.40978 

25.4522:; 

27.46784 

July 

12.3      - 


Schwab.     15  cm?  R.     A.N.  2815. 


15  15  11. 

15  34  58. 

16  13  11. 
17  34. 
24  30. 

26  4n. 
26  !■-'. 
35  44. 

37  :..). 

40  14. 

16  44  47. 


70 
81 

70 
34 
65 

I  »3 
50 
60 

i;.s 

65 

-'7 


17  17  33. 


—29 

—21  58     •   i 

—  7  ■",:'  22.0 
6  32  52.2 
1  22  3:,. 2 
13  53.3 
43  18.1 
11   40.2 

38  10.2 

2    13.7 
2  41.4 


+  1.21 

(  2.11) 

—  0.6 

+ 1 .36 

- 

1.00 

- 

1.3 

.22 

1.1 

.52 

7.5 

.54 

1.9 

.55 

7.2 

.38 

16.2 

+0.50 

—  9.7 

+0.76 

—  .",.'.", 

Mar 

Ma% 

14.37H.:. 
18.36692 
22.:;."..".4:' 
23.37532 

24. 356:' 1 
27.-.M:; 

June 

8.382 
9.39752 

10.37724 
11.37329 

12..",  7' >2  2 
13.367."..". 
15.3*741 
16.38071 
17.3725:* 
22.37443 
28.37"'.'6 


seilles.     Borreixt.     26  em.      B.A.  Nov. 


15  13  27.51 
20    9.30 
2  7  L5.29 
2'.'     5   - 
30  59.12 


-29  13  34.6 
27  25  58.9 

24  51  44. n 
24  '.>  52. >; 
2:;  2*  4". 5 


i;,  36  45.99   —21  17  46.7 


+  0.04  — 

2.5 

.44 

4.5 

.14 

5.4 

.60 

7.9 

.44 

8.3 

+  0.:-  — 

1.7 

16     1  55.09 

4     9.09 

6  19.02 

8  31.48 

10  44.83 

12  58.91 

17  30.73 

19  44313 

21  58.82 

33  16.98 

16  46  48.66 


-11  53  57.6 

11     6    6.8 

10  20  28.1 

9  33  57.8 

8  48  24. .s 
8  3  19.0 
6  33  53.2 
5  51  0.0 
5  9  1.2 
1  51  8.0 
-  i  30  30.6 


+0.11 

.17 
.20 
.04 

.15 

.50 

.:',4 
.36 
.03 
.19 


-  7.8 
(3.6 

-17.1 
■   3.1 

-  6.9 
12.3 
13.7 
13.4 
15.il 

5.0 

-  5.(i 


June  28.     Comparison-star  wrongly  identified. 


1 

4 

18 


8 
36 

68 

72 

87 

89 

88 

107 

102 

108 

112 

138 


1 
11 
20 
19 
35 
37 

58 
61 
63 
60 
69 
68 
70 
86 
82 
92 
114 


Gr.  M.T. 


J  a 


dS 


Nashville. 

Mar 

12.7'     i 

13.674'.'4 

14.67514 

14.74035 

18.73726 

24.69693 

2  5.  i ',675  2 

25.68133 

2  •',.72988 

.     76663 

June 

9.71467 
'.'.72251 
10.69479 
11.72622 
16.71":;.". 
17.66000 
17.66903 


Barnard.     6  in.  B.     A.N  2788,  27'.'.'.  2*ns. 


15  10  48.93 

12  21.1'.' 

13  57.:'5 

14  3.79 
2"  48.02 
31  35.87 
33  29.40 
33  3". 7:'. 
35  32.21 

15  39  34.26 

16  4  52.29 
4  53.78 
7  1.62 
9  1'.'.".". 

2"  29.70 

22  38.31 

16  22  39.63 


—30  35  12.8 
30  5  46.9 
29  33  39.8 
29  31  46.9 
27  12  21.2 
23  15  0.7 
22  32  23.9 
22  31  52.1 
21  45  4'.'.:' 
20  14  13.1 

10  51  14.3 

10  50  43. * 

10     .",  30.8 

9  17  39.5 

5  36  52.1 
4  56  53.8 
—   1  :,G  31.9 


+  1.72 

1.25 

1.11 

0.61 

+  0.66 

(—1.41 

+0.94 

.68 

0.85 

+  1.16 


+  1.38 

1.84 

.4'.' 

.44 

.60 

+  J'.'.' 

-.".".I 

—  14." 
+   2.3 

—  12.3 

—  5.1 
+  3.6) 

—  6.8 
12.0 

-  : 
+  0.9 


- 


+ 


6.5 
2.0 
5.9 

6.8 
8.7 
8.4 
9.0 


3 

2 

1 

1 

13 

25 

31 

34 

28 

44 

61 
59 
63 
65 
7'.' 
82 


Nashville. 

June 

-  !047 
20.65218 
23.65854 

2550 

9.65300 

9.664  77 

9.61  - 

11.738 

13.66971 

14.67653 

15.65407 

19.64170 

20.65874 

26.78141 

10.1  7965 

11.68015 


Barnard. 

h        in      s 

16  2  1   19.44 
2:'  24.81 

1''.  36  12.48 


6  iu  R.     A.N.  2788,  2799,  2808. 


—  4  16 
2  56 

—  1     4 


57.8      +0.71   —12.9 
25.1  1.34  7.1 

34.7      +1.16  —  7.3, 


17 


11  37.33 
11  40.11 

11   42.1.". 

11  42.89 
16    8.96 

20  14.47 
22  21.7:' 
24  25.30 
32  12.44 
34  47.33 

17  17  L0.98 

18  16     4.97 

is  17  57.4" 


+ 


+ 

+ 

+ 


58 
58 
58 
58 

33 

1 

It 

26 

8    6 

8  1.", 
8  48 

8  44 
8  41 


12.5 

42. .s 
54.4 
58.9 
12.2 
20.'.' 
41.3 
35.0 
52.2 
2.4 
28.0 


1.04 

0.27 
0.79 
1.02 
0.95 

.41 

..".1 

0.73 

1.22 

- 


6.1 

4.8 

5.7 
5.:; 
5.9 
5.1 
0.4 
5.7 
5.1 
6.1 


+  1.37   —I"." 


1.-,.:;    ,_2.18 
52.1    (—3.22 


+20.1) 


'.'4 
96 

128 

127 
132 
131 
134 
147 
133 
143 
149 
151 
156 

l .;.-, 
165 


June  18.  July  8.  13,  16.    No  accurate  places  of  the  comparison-stars. 


15 


Nice 

June 

14.464"7 
17.17329 
18.44711 
20.41350 
21.42043 
22.45"5" 
23.43402 
27.44854 
27.44854     15 

Julv 

7.36v 
11.36625 
18.40294 
23.40094     17 


Charlois.     38  em.     BuH.  Astr.  June. 


13  36. m; 
18  37.:;" 
20  17.53 
23  11.67 
25  33.56 
27  26.10 
29  15.21 
36  56.49 
36  56.48 


+ 


6  43.37 
15  20.57 
30  7.95 
40  21.82   + 


29  40  36.5 

27  58  18.2 

27  23  2.9 

26  8  47.. s 

25  29  18.5 

24  17  52.8 

24  7  21.9 

21  13  55.2 

21  13  52.2 

5  15  45.3 

6  27  23.1 

7  55  53.5 

8  33  22.2 

+0.47 
.45 

.35 
.27 
.64 

.Is 

.38 

.22 

+  0.21 


3.4 

5.7 
5." 
3.5 

1.:; 


o 
3 

11, 
-  8. 


+  0.22  —  6.0 
.22  4.8 
.11    +    1.2 

+  0.27   +    1.7 


Nicola  jew. 

Mav 

14.44389 


15.38764 

17.4""76 
l.s.:;.s86s 
21.38625 


15  13  3  4.57 
15  .8.47 
18  29.16 
2"  11.75 

15  25  29.46 


azzi.  9  in. 

A.N.  2 

788. 

29  41  8.1 

+  0.13 

+  4.1 

24  9  58.2 

(  1.42 

+  14.5) 

18  0  49.1 

—0.28 

—  1.5 

27  25  7.5 

+  .63 

1.0 

15  30  44. 1 

+  0.26 

—  8.8 

Orwell  Park 

June 

9.46403 


I.; 


10.44986 
12.48177 
13.45465 

15.51720 
17.4.-.7"" 
18.45238 
20.45384 
22.51529 

Julv 

11.45022 
12.47586 
13.46525 

14.46s-l7 
1.8.45757 
19.4831  1 
2".  4  6836 


4  17 

6  29 

1"  59 

13  10 

17  48 
22  1" 
24  25 

16  33  36 

16  15  31 

17  42 
19  48 
21  :<:< 
30  14 
32  21 
16  34  23 


Pjxmmek.     10  in.     31. N.  Nov. 

91  —11    3    1.9 

00  10  16  46.3 

99  8  43  14.2 

05  7  59  26.7 

69  6  28    0.0 

44  5    5  13.5 

33  4  24  15.0 

86  3    3  52.2 

60  —   1  45  4'.'. 4 


48  +   6  28  41.2 
6  44  35.7 

36  6  58  49.1 

.57  7  12  10.6 

65  7  56  33.9 

73  8    5  28.2 

,04  +8  13  46.9 


+  0.19 

—  9.0 

.53 

+  1.8 

.37 

—  1.2 

.si 

—14.0 

.78 

+  0.7 

.15 

—   .7 

.24 

13.5 

.30 

—  8.2 

+  0.32 

+  1.2 

+  0.37 

—  6.4 

.27 

+  7.5 

.24 

11.6 

.39 

8.7 

.03 

+  10.7 

.15 

—  8.1 

+  "."1 

+  6.7 

1 

7 
11 
17 
18 
20 
19 
26 
45 

121 
136 
149 

154 


7 

11 

1.8 


59 
64 
69 
68 

'- 
83 

88s 

100 

134 
140 
145 
139 

149 
148 
153 
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Gr.  M.T. 


J« 


J5 


Orwell  Park.     Plbmmer.     10  in.     M.N.  Nov. 


July  h       ni       s 

21.47249  16  36  26.53  + 

24.46  42  30.92 

27.50462  48  36.83 

28.50153  17  50  35.48  - 


8  20 

58.1 

8  39 

7.7 

8  51 

12.9 

8  53 

51.6 

+  i».  25 
.in 
.62 

+0.28 


—  9.1 

+  9.1 

14.4 

+  10.2 


Padua.     Abetti. 


.?     A.N.  2*2:;. 


Moj 

14.51634 

18.47724 
20.49040 
20.49040 
21.45571 
24.4G965 
24.46965 

June 

7.37704 

8.373  70 

8.37370 

23.47867 

23.48737 

Paleri 

May 

15.41719 
21.44685 
28.38754 
30.37860 

31.35450 
May  15. 

Prague 

May 

27.39249 

27.41442 


15 

L3  12.21 

20  20.97 

23  53.01 

23  53.24 

25  37.57 

31    7.84 

15 

31     7.84 

15 

39  13.45 

16 

1  54.37 

1  54.13 

16  35  47.63 

29  38  59.3 

27  21  55.5 

26    5  55.1 

26    5  51.9 

25  2.x  54.2 

23  24  48.3 

23  24  49.9 

12  11  33.7 

11  54  21.4 

1  54  28.3 

—  1  K)  44.8 


+0.76 

.06 

.38 

.61 

.83 

.39 

+  0.39 

+  0.39 

.53 

.29 

+  0.69 

-  I.I 
4.0 
8.7 
5.5 
5.2 
3.2 

-  4.8 

-  4.9 
7.1 

14.0 

—11.1 


Agnello.     25  cm.     A.N.  2788,  2790. 


15 

15  10.75 

23  34.27 

38  48.50 

42  40.57 

15 

44  49.30 

—29  9  24.7 
25  29  19.7 
20  31  33.0 

—18  15    0.6 


+  0.77 

(—1.51 

+  0.76 

1.33 

+  1.21 


—11.2 
68.6) 
6.0 

—18.0 


Zona,  observer. 


15  36  50.42 
15  36  52.94 


—21  16  20.2 
—21  15  16.5 


+  0.76 
+  0.70 


6.5 
1.6 


Weinek  and  Gruss.     6  in.  R.     A.N.  2788. 


154 
156 
157 
157 


1 
11 
16 
17 
18 
32 
33 

51 
58 
581 
97 
97 


9 

18 
47 
50 
49 


37 
37 


Gr.  M.T. 


J« 


Jfi 


Koine. 

May 

14.43434     1 
15.41784     1 

July 

8.36730  1 
in  38359 
11.38434 
12.39276 
13.362.s7 
14.37836 
15.35634 
16.42534 
17.383  13 
21.36128 
22.36011! 
24.41052 

Aug 

6.32891 
7.32986 


Ci.kii.li.     9  in.  R.     4.^.2787,2801. 

13m34~ll 
15    9.90 


8  53.10 
13  14.42 
15  22.55 
17  31.91 
19  35.56 
21  13.64 
23  4  7.53 
26  1.56 
28  1.35 
36  12.84 
38  15.28 
12  23.98 


May  H,  la 
August  6. 


17 

18    7  49.20 
18    9  44.21 

Miu.osK.vicii.  observer. 
i  ibservation  doubtful. 


—20  11  38.7 

+  0.50 

—   7.0 

1 

—29    9  14.2 

—0.14 

—  2.0 

9 

+   5  35  11.1 

—0.02 

—  5.5 

1 25 

6  11  10. 2 

+   .33 

-   6.8 

132 

6  27  40.7 

—   .12 

+    1.0 

134 

6  43  11.3 

+   .28 

—  3.0 

140 

6  57  10.5 

+    .44 

—  1.7 

1  12 

7  10  52.4 

—   .16 

+   0.5 

144 

7  23  11.7 

+    .40 

+    1.5 

144 

7  35  26.3 

.24 

—  5.5 

146 

7  45  41.7 

.32 

(-78.1) 

146 

8  20  23.0 

.18 

+  3.0 

151 

8  2  7  24.8 

.44 

20.0 

154 

+  8  38  57.4 

+  0.00 

+  15.0 

155 

+    8  56    3.7 

(—0.19 

+  22.5) 

162 

+    8  53  58.0 

—0.35 

+  10.0 

162 

Scarborough.      Louse.      15.5  in.      M.X.  4i 


20.47065 

21.51326 

29.52798 


15  23  ."iO.T.", 

25   12.98 

15  41     ...us 


—26    6  38.1 
25  25  36.9 

—19  39  30.9 


+ 


+ 


0.21    —  .", 

.02  4, 

0.29   —   0. 


7 

17 

4 

18 

4 

491 

Washington.     Frisky.     9.6  in.     A.J.  157. 


May 

14.09101 
19.73097 
21.61634 


15 

13 

59.30 

22 

32.08 

1.") 

25 

55.09 

—29  33  11.0 
26  34  49.6 
25  21  34.8 


+ 


+ 


0.93    +   o. 

.22   —  3. 

0.87  —  8. 


1 
1.". 
18 


ADDITIONAL   OBSERVATIONS. 


After  the  solution  of  the  normal  equations  there  appeared,  in 
A.  X.  2835,  observations  made  on  ten  nights  by  Herr  Kammermann 
at  Geneva,  and  in  A.N.  2837,  observations  on  eight  nights  by  M. 
Stuyvaert  at  Brussels. 


These  observations  are  referred  chiefly  to  anonymous  stars,  and 
being  distributed  among  six  groups,  the  only  effect,  probably, 
would  be  slightly  to  increase  the  weights. 


4.  Errors  of  Obst  rvation.  —  In  order  to  assign  appropriate 
weights  to  a  series  of  observations  it  is  necessary  to  consider 
the  mean,  or  probable,  error  of  the  series.  This  depends 
only  upon  the  accidental  errors  ;  to  determine  which,  how- 
ever, the  differences  between  the  observed  and  computed 
places  must  first  be  freed  from  systematic  errors. 
Each  difference  consists  of 
1.     Systematic  errors  ; 

...  i  he  error  of  the  preliminary  ephemeris 
?p,  the  personal  equation  of  the  observer. 
Accidental  errors  ; 
£ ,,  the  accidental  error  of  observation. 
.  .  the  error  of  the  star-place. 

Systematic  errors. 

a.     Error  of  the  preliminary  ephemeris. 
This  error  may  lie  determined  with  sufficient  accuracy  for 
purposes  of   weighting   by  dividing    the    observations  into 


II. 


I. 


groups,  and  taking  the   means  of  the  differences  with   refer- 
ence to  the  number  of  observations.     The  results  are  : 


Mean  Date 


May  22 
dune  12 

20 
July   11 

21 
Aug.    8 


A  a 


+  0.54 

.51 

.12 

.38 

+    .27 

—0.13 


Ad 

No.  Obs 

Adopted 

Date.      Wt. 

II 
—5.2 

02 

issr 
142 

6 

5.8 

48 

102 

3 

0.3 

66 

172 

4 

—1  2 

31 

192 

2 

+3.9 

27 

2i  i2 

•> 

+  0.0 

6 

222 

\ 

Solving  by   least  squares  the   six   equations  of  condition 

furnished,  the  errors  "f  the  ephemeris  at  any  time  t  days 
from  June  1  arc.  for  right-ascension  and  declination  respec- 
tively. 


<v  =       o-..V2  +  0S.00112«+  0S.0000631 


-0"\0013 
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These  errors  added  with  changed  signs  to  the  differences 
will  reduce  them  to  the  errors  arising  in  observation. 
b.     Personal  equation. 

The  method  used  to  determine  the  personal  equations  was 
to  compare  the  constant  part  of  the  error  of  the  ephemeris 
as  given  by  each  observer  with  that  given  by  the  mean  of  all 
the  observers,  this  mean  being  taken  as  the  standard. 

Having  corrected  each  difference  for  the  terms  depending 
on  t  as  given  by  equation  (1)  and  taking  the  means  for 
the  different  observers  the  results  were  those  given  in  the 
columns  headed  J'u  and  /4'8  iu  the  following  table  :  the  next 
two  columns  contain  the  personal  equations  in  right  ascen- 
sion and  declination  given  with  such  signs  that  by  their 
addition  iu  the  corresponding  series  the  differences  are 
freed  from  the  personal  errors  of  the  observers.  The  last 
column  contains  the  number  of  observations  from  which  the 
mean    fa  and  .]'i>  were  obtained. 


J'« 

ff 

a 

8 

So.  Obs. 

Albany 

+o'.34 

—  2.9 

+  0.17 

—4.6 

4 

Algiers  : 

Rambaud 

.17 

6.0 

+  0.04 

—1.5 

11    in 

Trepied 

.46 

10.7 

+  0.05 

+3.2 

16     5 

Berlin  : 

Battermann 

1.21 

13.0 

—0.70 

+  5.5 

2 

K  noire 

0.41 

6.9 

+  0.10 

—0.6 

2 

Besancon  : 

Gruey 

0.41 

9.2 

+  0.10 

+  1.7 

11     5 

Gnillin 

0.23 

16.2 

+0.28 

+8.7 

4 

Herique 

0.67 

8.9 

—0.16 

+  1.4 

7 

Bothkamp 

0.53 

6.6 

—0.02 

—0.9- 

6 

Bordeaux  : 

Court  v 

0.26 

6.8 

+  0.2.". 

—0.7 

7 

Flamrne 

0.45 

5.4 

+  0.06 

—2.1 

11     3 

Rayet 

0.53 

8.8 

—0.02 

+  1.3 

16     9 

Cambridge.  Mass.  : 

Chandler 

0.52 

5.4 

—0.01 

—2.3 

5 

Wendell 

0.10 

4.1 

+0.41 

3.4 

10 

Cape  of  G.  Hope  0.53 

7.4 

—0.02 

0.1 

6 

Dresden 

0.74 

5.6 

—0.23 

1.9 

4 

Geneva 

0.47 

6.5 

+  0.04 

—1.0 

15 

Gohlis 

.7:i 

8.7— 

—0.28 

(  +  1.2) 

10     9 

Gottingen 

0.56 

1  5 . 5 

—0.(15 

(+8.0) 

4 

Greenwich  : 

Downing 

0.31 

7..s 

+  0.2O 

(  +  0.3) 

1 

Turner 

+  0.66 

15.2 

—0.15 

(  +  7.7) 

1 

Hamburg 

—0.11 

0.6 

+  0.62 

—6.9 

■> 

Kiel 

+  0.80 

11.7 

—0.29 

+  4.2 

3 

Marseilles 

0.26 

8.3 

+  0.2.". 

+  0.8 

17 

Nashville 

0.91 

6.2 

—0.40 

(—1.3) 

28    18 

Nice 

0.39 

4.6 

+  0.12 

—2.9 

13     9 

Nicolajew 

0.17 

2.0 

0.34 

5.5 

4 

Orwell  Park 

0.45 

5.2 

+  0.06 

2.3 

20     9 

Padua 

0.55 

7.0 

—0.4 

—0.5 

11 

Palermo : 

Aguello 

+  1.10 

—12.0 

—0.59 

+  4.5 

3     2 

J'« 

J'8 

« 

8      No 

Obs. 

Zona 

+  0.77 

—  11.4 

—0.26 

+  3.9 

1 

Prague  : 
Gruss 
Weinek 

0.70 
0.76 

1.6 

1;..". 

0.1:1 
— 0.  ■_>;, 

—5.9 

l.o 

1 
1 

Rome : 
Cerulli 

Millosevich 

0.30 
0.22 

."..2 

+  0.21 
+  0.2'.' 

2.3 

13 
2 

Washington 

+  0.53 

—4.1 

—0.02 

—3.4 

3 

Mean 

+  0.51 

—  7.5 

Iu  taking  the  above  means,  each  independent  observer 
was  given  equal  weight  :  when  only  a  few  observations  are 
made  the  personal  error  may.  of  course,  lie  masked  by  the 
accidental  errors,  but  in  the  mean  these  errors  are  nearly 
eliminated  by  a  number  of  such  short  series.  Iu  fact,  taking 
the  means  somewhat  with  regard  to  the  number  of  observa- 
tions, the  results  were  +  0\51  and  — 7". 4. 

In  July  the  comet  became  elongated  north  and  south,  and 
difficult  to  observe  iu  declination.  By  this  change  of  form 
the  accidental  errors  become  large!-,  and  there  is  reason  to 
suppose  that  the  personal  error  of  observing  in  declination 
may  have  changed.  Hence  the  observations  made  in  July 
and  August  were  not  used  in  determining  the  personal 
equations  ;  and  >ince  not  enough  observations  were  made 
for  a  separate  determination,  no  personal  equations  were 
applied  to  the  observations  made  during  these  months. 

In  observations  made  with  a  ring-micrometer  the  personal 
equation  in  declination  has  opposite  effects,  according  as  the 
comet  is  north  or  south  of  the  star,  and  is  nearly  eliminated 
in  a  number  of  observations.  The  personal  equations  cannot 
therefore  be  obtained  without  a  consideration  of  the  relative 
positions  of  the  star  and  the  comet.  The  quantities  corre- 
sponding to  them  are  inclosed  in  brackets,  ami  they  should 
be.  when  depending  upon  a  number  of  observations,  small. 

The  Harrow.  Kremsmiinster,  and  Scarborough  observa- 
tions were  received  too  late  to  l.e  used  in  determining  the 
personal  equations. 

Since  the  observations  have  been  used  once  with  equal 
weights  for  all  the  observations  by  an  independent  observer, 
their  weights  iu  the  formation  of  the  normal  places  must  be 
reduced  in  consequence.  When  only  one  observation  was 
made,  it  was  used  only  in  the  determination  of  personal 
equation  :  when  two  were  made,  each  was  given  only  half 
weight  in  the  formation  of  the  normal  places;  when  three 
were  made  the  weight  of  each  was  reduced  one-third,  and  so 
on  until  the  reduction  became  insignificant. 

II.     Accidental  Errors. 

Errors  of  observation  and  star-places.      Determination 
of  probable  error. 

Each  difference  between  the  observed  and  computed  po- 
sitions may  be  reduced  so  as  to  contain  only  these  errors 
and  the  personal  error,  by  correcting  for  the  terms  involving 
t.  as  given  by  equation   (1),  and    for  the  constant  terms. 
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0s. 51  and  7".,*>.  given  by  the  mean  of  all  the  observations. 
These  corrections  are  given  for  every  tenth  day.  iu  the 
following  table : 


J(Ji 

J,Je- 

May  12 

—()'..-.  1 

If 

+  7.20 

22 

0.51 

7.48 

June     1 

0.51 

7.50 

11 

0.493 

7.2  1 

21 

0.  163 

6.70 

July     1 

0.419 

5.90 

11 

0.364 

1.82 

21 

0.296 

3.46 

31 

0.215 

+  1.83 

Auo-.  10 

—0.123 

—0.07 

The  corrections  from  this  table  being  added  to  the  differ- 
ences of  a  given  observer,  the  mean  of  the  resulting  differ- 
ences will  with  changed  sign,  be  the  personal  error  of  that 
observer. 

Let  (•[.  v c,  lie  the  residuals  of  the  individual  dif- 
ferences from  this  mean,  then 

>■-  =  ;,;  +  ?.'' 

If  c1  be  the  mean  error  of  observation  in  an  observation 
depending  upon  a  single  comparison, 
.,  _    [»'f „',,] 

where         [»-v„]  =  iiiVi  +  »:  v.  +  ....  +  n: ;,;-', 
Substitution  gives 

[nv  v~\  —  [ws,  e,] 


1 


(2) 

and  the  mean  error  of    an  observation    depending    upon  a 
number  of  comparisons  n  is 

When  the  star-places  are  carefully  determined,  r,  will 
usually  be  small  in  comparison  with  e0  and  the  probable 
error  will  then  be  approximately  given  by 


(4) 


r  —  0.6745 


J[ner] 
n(i—  1 


which  is  the  formula  commonly  used.* 

There  is  however  an  objection  to  weighting  strictly  in 
accordance  with  this,  or  any  other  similar  formula.  On  each 
night  there  are  undetermined  instrumental  and  personal 
errors  peculiar  to  that  night  :  such  errors  are  not  diminished 
by  an  increased  number  of  comparisons,  hence  the  insuf- 
ficiency of  a  formula  in  which  the  probable  error  depends 
solely  upon  the  number  of  comparisons.     I  have  used  |  1  ) 

*  The  accurate  formula  is,  however,  ii'>t  much  more  difficult  iu 
application,  and  when  the  error  of  observation  is  small,  the  dis- 
crepancies arising  from  the  use  of  the  approximate  formula  may 
become  appreciable.  The  meau  error  would  be  determined  from 
(2)  by  assigning  to  each  observation  a  value  of  c,  in  accordance 
with  the  mean  error  of  the  catalogue  on  the  authority  of  which  the 
place  of  the  comparison-star  rested  :  then,  for  each  observation, 


r  =  0.6745  J2_+  ,; 
es  being  assigned  as  before. 


when  the  number  of  comparisons  did  not   exc 1  sixteen, 

but  I  have  assumed  thai  the  probable  error  was  not  diminished 
by  a  number  of  comparison  greater  than  this.  This  limit  is 
probably  top  great,  while  the  comet  was  strongly  condensed. 
The  calculated  probable  errors  of  a  single  comparison, 
arranged  in  order  of  the  size  of  the  instrument,  are: 


Place  and  Observer 

Probable  Error 

Aperture 

Algiers,  Ftambaud 

1!.02 

fj 

6.6 

mi 

50 

"        Tivpied 

0.92 

10.8 

50 

Cambridge,  Wendell 

0.50 

6.3 

38 

Nice,  Charlois 

0.18 

1     1.1 
1    5.5 

38 

Bordeaux,  Courty 

1.03 

10.8 

36 

"         Flamnie 

0.45 

9.9 

36 

"          Rayet 

".7:1 

I  12.3 

36 

Marseilles,  Borrellv 

0.31 

6.7 

26 

Orwell  Park,  Plummer 

0.39 

j  ln.O 

\  17.:; 
8.7 

25 

Geneva,  Kammermann 

0.82 

25 

Rome.  Cernlli 

0.47 

6.8 

23  R 

Besancon,  Gruey 

0.94 

(*28.0) 

20 

Herique 

0.67 

11.9 

20 

Padua.  Abetti 

o.44 

5.5 

18? 

Gohlis.  Winkler 

0.65 

26.0 

15  R 

Kremsnninster.  Schwab 

0.61 

9.3 

15  i; 

Nashville.  Barnard 

0.61 

8.4 

15  R 

♦Adopted  probable  error.  2o". 
When  two  errors  are  given,  the  latter  refers  to  the  obser- 
vations made  in  July  and  August  when  the  comet  was  more 
difficult  to  observe  iu  declination:  iu  most  cases  there  was 
no  difference.  All  the  Rome  observations  were  made  during 
these  months.  As  a  guide  to  assigning  probable  errors  iu 
accordance  with  the  size  of  the  instrument  used.  1  have 
grouped  these  results. 


Aper 

ure 

Mean 

Aper. 

Prob. 

Error 

No.  of 
Obs. 

cm 

15  — 

cm 

18 

cm 

16 

0'.58 

12.3 

4 

20  — 

26 

24 

0.60 

10.1 

5  .  1 

36  — 

3.s 

37 

0.59 

8.1 

5 

The  solution  of  the  equations  of  condition,  taken  with 
equal  weights,  shows  that  the  probable  error  iu  declination 
may  be  nearly  represented  by  the  equation 

,•=10".:;  +  (25— o)  o".2b  .  (5) 

for  apertures  between  l.v  ,:  and  lo':i.  a  being  the  aperture  in 
centimeters.  The  probable  error  in  right-ascension  appears 
to  be  independent  of  the  aperture. 

The  probable  error  of  each  observer  was  calculated  by  (-i) 
when  the  number  of  observations  was  seven  or  more.  Iu 
other  cases  it  was,  the  aperture  of  instrument  being  the  only 
available  guide,  assigned  by  (5)  and  taken  as  0*.60  in 
right-ascension.     The  weight  was  then  calculated  by 
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5".5  being  assumed  as  the  probable  error  of  a  single  com- 
parison in  a  standard  observation. 

5.  Formation  of  Normal  Places.  —  Weights  being  given 
t.i  each  observation,  and  personal  equation  applied,  in  ac- 
cordance with  the  preceding  results,  the  residuals  were  di- 
vided into  groups,  and  their  weighted  means  taken. 


The  corresponding  normal  places  are  : — 


Group 

Mean 
Date 

(O-C) 
da          Jd 

N°:  '"'        We 

ght 

May   12-21 

17.8 

+  0.S620  —  6.65 

18         152 

18U 

May  22-31 

26.0 

.503        6.80 

42         146 

168 

June     1—16 

12.9 

.502        7.70 

62     214 

136 

June  17-30 

21.8 

.385       8     : 

68        206 

135 

July     1-14 

10.5 

.377—  1.32 

:;i     33     104 

7."i 

July   15-31 

22.2 

.303  +  2.04 

27     26     115 

43 

Aug.     1-10 

8.4 

+  0.141  +  4.20 

6           25 

14 

Date 

a 

d 

o        i       n 

O            |            II 

1887  May    18.0 

229  52  4  7.02 

—27  39  28.87 

26.0     233  31   4-1.66         22  17  58.58 

June  13.0    24::    2  12.91          8  19  54.68 

22.0    248    6  29.18 

—  2    :,  11.54 

Jul?    10. 0    258    ■".    2.11 

+   64  43.29 

22.0     264  22  33.85 

8  24  39.87 

Aug.     8.0     272  4.".  11.59 

+   8  52  17. 07 

6.     Formation  of  Normal  Equations  and   Determination 

of  Dejiniii.-,    /.' :,ts.  — The  coefficients  of  the  variations 

of  the    element*    were    computed  by  the  formulas  given  by 
Oppolzer.*     Whence  were  formed  the  following 

*  Lehrbuch  zur  Bahnbestimmuug.    Zwelter  Band,  pp.  40.">-406. 


0.9158  Jocose- 

=  9.1014  3 

•'  + 

»9.7910 

0.8439 

9.3201 

$.7866 

0.8722 

9.5725 

(i9.6509 

0.7601 

9.6108 

»9.4889 

(1.7465 

9.5663 

«8.5065 

0.6557 

9.4678 

9.0244 

0.3323 

9.2351 

+ 

9.3578 

tt0.8228Afl          = 

=  nO.5027 

+ 

((9.7115 

n0.8325 

n0.5168 

n9.9688 

n0.8865 

nO.4630 

n0.2538 

dO.9330 

bO.3902 

0.0.3102 

r»0.1399 

n0.1846 

n0.3282 

0.3032 

((0.0168 

n0.3278 

0.6149 

»i9.7208 

+ 

j(0.2965 

Eqi  ations  ob  Condition  (coefficients  Logarithmic). 
Right-Asa  nsion. 
iV  +  (i9.7910sini'88'   +  0.5091  o+  +   0.6943  ri  log  q  +  (18.6336  8T  + 


0.5296 
0.5267 
U.4993 
0.4145 
0.3502 
+  0.2622 

I),  clination. 

+  9.0392 
9.3296 
9.7602 
9.8723 
9.9686 
9.9782 

+  9.9526 


0.6382 

0.3633 

0.0396 

»i9.9454 

rO.2324 

-      0.3689 

+    9.1 i 

9.4857 

aO.1533 

0  3483 

,-i'.1771 

reO.4762 

+  wO.4242 


»8.6698 

«8.6929 

»8.6719 

3.5856 

>..")105 
+  (i8.3957 

+  n6.7537 
(17.4650 
(17.9423 
n8.0196 
»8.0424 
(17.9908 


+ 


«9.4702< 

(19.3811 

(i8.6523 

8.8019 
9.3627 

9.4675 

9.7.  Hi  9 


+    7. .".274 

W8.1708 

,,7.9174 

8.1229 

8.6720 

8.7276 

+  ,,7.9062        +    8.1 


After  multiplying  each  equation  by  the  square  root  of  its  weight,  and  reuderiug  all  the  equations  homogeneous  by  the 
introduction  of  the  factors 

*  =  1.6303  Si'  t  =  1.7852  8  log  7 

y  =  1.3754  88' sin  i  u  =  9.8581  ST 

z  =  1.6919  8a'  »■  =  0.7159  Se 

residual  unit  =  2.0374 
the  normal  and  elimination  equations  were  obtained  and  checked  in  the  usual  way. 

Normax  Equations  (natural  numbers) . 


+  3.2495 
+  2.4326 
+  0.0344 
+0.6054 
—0.0712 
+  0.0262 


+  0.51181  x 


+2.4326  ■/ 
+  3.5KH 
—1.5(112 
+  0.3476 
+1.3998 
+0.3285 


+0.0344  : 

—1.5012 

+3.8590 

+  1.8300 

—3.7560 

—0.3742 


+0.6054  t 
+0.3476 
+  1.81 
f  2.8651 

—  1.7499 

—1.5851 


—11.11712  » 
+  1.3998 
—3.7560 
—1.7499 
+3.6648 
+0.3049 


+0.0262  w 
+  0.32*5 
—0.3742 
+  1.5851 
+0.3049 
+  1.5346 


Elimination  Equations   (coefficients  logarithmic). 


+0.38607 
0.22763 


+8.53656  8 

aO.18384 

0.39412 


+9.78204  t 
«9. 02366 
0.23756 

0.18772 


+n8.85248  u 

0.16230 

aO.38766 

8.75435 

7.74036 


Direct  solution  of  these  equations  gave 

loga  =  0.3653  di'  =  +   5.92 

log.y  =  0.4387  SQ,'  =  —33.13 


losr  2 


0.1488 


8a' 


+  3.12 


log  t  =  0.6181 
log  u  =  0.5185 
log       =  0.6212 


+8.41830  w 
9.48982 
-  17864 
n0.17734 
7.14613 
7.69897 

8 I02;  q 

8T 

8e 


+3.2908 
+  1.3221 
+3.2762 
+2.5187 
—3.1962 
—0.5268 


0.51730 
re0.05748 
0.34428 
9.46761 
8.38021 
8.32015 

+  0.0000360 
+0.002418 

+  0.0004249 
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The  small  coefficients  in  the  equations  involving  u  and  w 
alone,  show  that  the  values  obtained  by  direct  solution  are 
highly  uncertain.  An  attempt  was  made  to  diminish  this 
uncertainty  by  expressing  the  other  unknown  quantities  in 
terms  of  HJ  and  an  absolute  term.     Accordingly, 

./■  =  9.9334s  +     0.16283  w 

y  =  9.39094  +  uO.47594  w 

z  =  0.7135D  +  nO. 57532  to 

t  =  8.47124  +     0.61496  w 

u  =  0.(53985  +  n0.02695  w 

the  coefficients  being  logarithmic. 

Substitution  in  the  equations  of  condition  and  solution  of 
the  fourteen  resulting  equations  for  w    ga\  e 
(1)  log  w=  0.6604; 

the  corresponding  changes  of  the  elements  are  given  in  the 
column  numbered  I  in  the  table  below.  Comparison  with 
the  normal  places  gave  —  9".86  as  the  sum  of  the  weighted 
residuals,  showing  that  the  uncertainty  of  solution  had  not 
been  wholly  eliminated.  To  determine  by  trial  what  varia- 
tion of  the  eccentricity  would  best  distribute  the  residuals, 
an  assumption  was  made, — 
(l»)  log  w  =  0.681  1. 

which  gave  the  changes  of  the  elements  numbered  II.  Com- 
parison with  the  normal  places  gave  the  residuals  numbered 
II.     Interpolation  between  the  values  (1)  and  (2)  gave 

(3)  log  w  =  0.6788 

The  results  of  this  assumption  are  given  in  the  columns 
numbered  III.  They  show  no  improvement  on  the  results 
of  the  second  hypothesis.  The  residuals  given  by  direct 
comparison  being  so  nearly  equal,  it  was  considered  safe  to 
interpolate  between  them,  on  the  assumption  that  the  sum 
of  the  weighted  residuals  should  be  zero.  The  weighted 
values  are  numbered  (IV)  and  the  sum  of  their  squares 
being  slightly  smaller  than  for  the  other  assumed  variations 
of  the  eccentricity,  the  value 

(4)  log  w  —  0.6801 
was  taken  as  the  definitive  value. 


Changes  of  Elements. 
I  II 


III 


T 

+    0.002344 

+   0.002301- 

+   0.0023,07 

It' 

+    2.33 

+    1.88 

+    1.94 

i' 

+    3.27 

+   3.47 

+   6.45 

8  Q' 

S  log 
de 


I 

—36. .V.l 

+   0.0000393 

+   0.0004650 


II 

—38.55 

4-   0.0000413 

+  0.0004880 


III 

—38.33 

+  0.0000411 

+   0.0004852 


Resi 

DUALS     (J 

formal  — 

Computed). 

Unweighted. 

Weighted 

11 

III 

II 

[V 

III 

Right-Ascension. 

+  1.08 

+0.91 

+  1.33 

+  1.23 

+  1.12 

—0.5.9 

—0.57 

—0.72 

—0.71 

—0.70 

+  0.21 

+  0.17 

+  0.31 

+  0.28 

+  0.25 

—0.89 

—0.94 

—1.28 

—1.31 

—  1.35 

+  0.61 

+  0.53 

+  0.62 

+  0.58 

+  0.54 

0.72 

0.64 

0.77 

0.73 

0.68 

+0.80 

+  0.76 

+  0.40 

+  0.39 

+  0.38 

Declination. 

—0.60 

—  0.84 

—0.80     —03)6 

—1.13 

+  0.59 

+  0.25 

+  0.76      +0.54 

+  0.32 

+  0.75 

+  0.41 

+0.88      +0.68 

+  0.48 

—1.43 

—1.77 

—1.36      —1.86 

—2.05 

+  0.81 

+  o.:.:; 

+  0.70      +0.58 

+  0.46 

+  0.75 

+  o.:;t 

+  0.50      +0.36 

+  0.22 

—1-27 
Sum  +1.54 

—1.37 

—0.47  ,  —0.54 

-0.62 

—1.25 

+  1.36      —0.01 

—1.40 

All  the  weights  have  been  divided  by  100  for  convenience. 
The  sums  of  the  squares  of  the  residuals  are  : 

II  (IV)         III 

Unweighted     10.02     10.11     10.59 
Weighted         10.87     10.72     10.96 

Transforming  the  preliminary  elements  from  the  ecliptic 
to  the  equator,  and  adding  the  changes  interpolated  between 
II  and  III.  the  resulting  definitive  elements  of  Comet  1887 
IV  are : 

T  =  June  16.663384  Gr.  M.T. 
n'  =  257°    4'    4".38  ) 

Q,'  =  313   54  12  .14  '-Mean  Equator  1887.0 
V  =     22    20     9  .02  ) 
log  q  =  0.1442046 
"  e  =  0.9960879 

Constants  foe  the  Equator. 


x  =  r  [9.9830763 
y  =  r  [9.9843699' 
2  =  r  [9.5798234 


sin  (349c  18'    5".82+v) 
sin  (254    50   26  .90  I 
sin  (303      9  52  .24+w) 


Lecmder  McCormick  Observatory,  fair.  Virginia,  isss  May  23. 
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THE   MOTION   OF   HYPERIOX  AXD   THE   MASS   OF    TIT  A  A '. 

By  G.   W.  HILL. 


The  diversity  of  the  values  assigned  to  the  mass  of  Titan, 
the  bright  satellite  of  Saturn,  has  led  me  to  look  into  the 
matter.  No  doubt  it  will  seem  of  mure  importance  to  the 
practical  astronomer  to  make  close  predictions  of  the  future 
positions  of  Hyperion  than  merely  to  gratify  a  scientific 
curiosity  as  to  the  mass  of  Titan.  But  the  attainment  of  the 
first  end  may  be  very  much  facilitated  by  correct  knowledge 
as  to  the  latter  element. 

I  begin  with  certain  generalities  iu  reference  to  the  problem 
of  three  bodies.  Let  us  suppose  that  two  planets  or  satel- 
lites are  circulating  about  their  central  body  in  the  same 
plane,  aud  that  their  motion  is  of  a  stable  character.  Then, 
adopting  the  notation  of  Dei.aixay.  1)  the  mean  elongation, 
/  the  mean  anomaly  of  the  one  and  V  that  of  the  other,  the 
longitudes  and  radii  can  be  expressed,  in  a  convergent  man- 
ner, by  infinite  series  of  the  forms 

For  I"  =  mean  long.  +  £  A  sin(iD+jl+j'l' ) 
r  or  r>    =  IB  cos  ( iD  +jl  +jT) 

Here  i,  j  and  j'  are  positive  or  negative  integers,  and  the 
coefficients  .4  aud  Shave,  as  a  factor,  ei*  e'4v  ,  where  the 
ambiguous  signs  are  so  taken  that  the  exponents  may  be 
positive.  From  whatever  points  iu  the  plane  we  suppose 
that  the  planets  set  out,  e  aud  e'  depend  on  the  initial  veloci- 
ties aud  their  directions.  Then  the  latter  cau  be  so  adjusted 
that  we  have  e  =  o  and  e'  =  o.  It  will  be  seen  that  this  is 
equivalent  to  making  four  out  of  the  eight  arbitrary  constants 
of  the  problem  vanish.     Iu  this  case  we  have 

V  or  V  =  mean  long.  +  .2"  A  sin  iD 
r  or  r'    =  2  B  cos  iD 

The  inequalities  of  the  longitudes  and  the  radii  can  there- 
fore be  tabulated  iu  tables  to  single  entry  with  the  argument 
D.     Differentiating  the  second  equation  we  obtain 


dr  dr' 
t-  or  — 
dt        dt 


=  —  («— n')  ZiB  sin  iD 


which  shows  that,  in  conjunction  or  opposition,  not  only  are 
the  true  longitudes  equivalent  to  the  mean,  but  that  then  the 
plauets  move  perpendicularly  to  their  radii.     This  does  not 


exclude  the  possibility  of  their  so  moving  at  other  points  of 
their  orbits  :  in  the  case  of  Hyperion  this  particular  direction 
of  motion  occurs  twice  between  conjunction  and  opposition. 

The  possibility  of  the  special  case  of  the  problem  of  three 
bodies  which  has  just  been  described  may  be  still  further 
illustrated.  Let,  at  a  certain  moment,  the  planets  be  seen 
in  conjunction  from  the  central  body.  If,  at  this  moment, 
the  directions  of  their  motions  relative  to  the  central  body 
are  perpendicular  to  their  radii  aud  in  the  same  plane,  the 
circumstances  of  their  motion,  before  aud  after  the  mentioned 
conjunction,  are  identical  but  in  reverse  order  with  respect 
to  the  time.  That  is,  if  t  the  time  is  counted  from  the  mo- 
ment of  conjunction,  the  radii  will  be  functions  of  t2 ;  aud  if 
the  longitudes  of  the  planets  are  counted  from  the  line  of  the 
conjunction  they  will  be  equivalent  to  functions  of  f  multi- 
plied by  t.  For  let  us  grant  that  the  longitudes  are  measured 
iu  the  reverse  direction,  and  that  time  past  is  considered  as 
future.  These  changes  are  effected  by  writing  — t,  — Fand 
—  V  for  t.  Land  V  in  the  differential  equations  of  motion. 
They  are  unaltered  by  this.      Iu  addition  the  four  quantities 

dr  dr'  dV      ,-dV 

TT  =  o,  -.-  =  o,  — 7-  aud     ,  - 
*  dt  dt  dt 

are  the  same  in  both  cases.  Thus  is  apparent  the  truth  of 
our  statement. 

The  planets  now  setting  out  from  conjunction,  one  will 
generally  have  a  more  rapid  motion  in  longitude  than  the 
other.  Let  this  be  the  oue  nearer  the  central  body,  and  let 
the  motion  of  both  be  followed  until  the  angular  distance  be- 
tween them  has  reached  180°,  or  uutil  they  are  seen  in  oppo- 
sition at  the  central  body.  We  may  now  consider  the  augles 
the  directions  of  their  motions  at  this  time  form  with  their 
radii.  With  velocities  assigned  at  random  to  them  at  the 
moment  of  starting  from  conjunction,  they  will,  most  prob- 
ably, reach  the  state  of  opposition  with  these  angles  some- 
what different  from  right  augles.  But,  provided  that  the 
ratios  of  the  two  planetary  masses  to  that  of  the  central 
body,  and  the  ratio  of  the  radii  at  the  moment  of  conjunction 
are  contained  within  certain  limits,  which  undoubtedly  leave 
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a  large  field  for  selection  of  values,  it  will  be  found  that  we 
can  adjust  the  initial  velocities  of  the  two  planets  in  such  a 
manner  that,  when  they  reach  the  state  of  opposition,  they 
will  again  move  perpendicularly  to  their  radii. 

Granting  that  this  adjustment  has  been  made,  it  is  evi- 
dent, from  the  same  reasoning  as  before,  that  the  circum- 
stances of  motion  of  the  planets,  before  and  after  the  moment 
of  opposition,  are  identical,  but  in  reverse  order  with  respect 
to  the  time.  It  follows  from  this  that,  the  motion  being 
continued,  the  planets  will  advance  from  opposition  to  con- 
junction agaiu  in  the  same  time  as  they  took  to  pass  from 
conjunction  to  opposition;  and  when  they  arrive  there  will 
have  the  same  radii  aud  the  same  velocities  as  when  they  last 
were  in  conjunction.  Hence,  in  passing  from  one  conjunc- 
tion to  the  next,  they  have  gone  through  a  complete  round 
of  all  the  phases  of  their  motions  relatively  to  each  other 
and  to  their  central  body. 

When  the  principle  of  Fourier's  theorem  is  invoked  to 
supply  us  the  periodic  series  exhibiting  the  values  of  the  co- 
ordinates, it  is  readily  seen  that  they  depend  on  a  single 
argument  as  I)  which  augments  by  a  circumference  during  a 
synodic  period  of  the  two  planets,  and  that  they  have  the 
forms  which  have  already  been  given. 

From  the  observations  which  have  been  made  of  Hyperion 
it  appears  that  it  is  quite  approximately  in  the  case  we  have 
described,  that  is  to  say  that  its  radius  is  very  nearly  at  a 
standstill  when  it  is  either  in  conjunction  or  opposition  with 
Titan.  It  is  true  that  Titan  is  known  to  have  a  proper  ec- 
centricity of  0.028,  which  must  trouble  to  some  extent  this 
condition  of  motion.  But  it  seems  quite  legitimate  to  neg- 
lect this  effect  in  a  first  approximation,  and  it  is  proposed  to 
solve  the  problem  of  the  perturbations  of  Hyperion  and  the 
mass  of  Titan  as  if  the  mentioned  condition  were  rigorously 
fulfilled.  The  problem  is  simplified  by  assuming  that  the 
mass  of  Hyperion  is  insensible,  and  consequently  that  Titan 
moves  uniformly  in  a  circular  orbit. 


The  elements  needed  for  the  solution,  and  which  must  be 
furnished  by  observation,  are  four  in  number.  Those  which 
will  be  here  employed  are  as  follows : 

Daily  motion  of  Titan  =  22°.5770090 

Average  daily  motion  of  Hyperion  =   16°. 9198837 
Constant  radius  of  Titan  =  176". 915 

Radius  of  Hyjieri'iii  in  opposition  =  192". 582 

The  first  of  these  data  is  due  to  Bessel,  whose  elements 
of  Titan  appear  to  be  still  not  antiquated.  The  remaining 
three  are  due  to  Prof.  Asaph  Hall,  Hyperion's  a  being  mul- 
tiplied by  0.9  to  produce  the  opposition  radius.  From  these 
data  we  get  the  following  deductions  : 

Synodic  period  =  63d. 6365612 

Half  synodic  period  =  31d.8182806 

Motion  of  Titan  in  half  synodic  period  =r  718°. 361609 
•■   Hyperion  in  half  syu.  per.  =  538°. 361 609 
•       "       "  Conj.  line       "  "  =  —1°. 638391 

Calling  the  angle  the  direction  of  motion  makes  with  the 
radius  c\  the  equation  for  (f>  is 


cot.  <l>  = 


sin  E 


vu— o 

Supposing  that  Hyperion  sets  out  from  opposition  as  its 

perisaturnium  with  an  eccentricity  =  0.1.  at  conjunction, 
without  any  action  from  Titan,  we  shall  have  <l>  =  90°  8' 
58". 85.  But  through  the  action  of  Titan  this  is  reduced  to 
90°.  This  is  a  permanent  effect,  and  may  be  used  to  dis- 
cover the  mass  of  Titan. 

And,  in  order  to  get  a  preliminary  value  of  this  mass  to 
be  used  in  the  more  serious  portion  of  the  work.  I  computed 
the  motion  of  the  line  of  apsides  during  the  half  synodic 
period  from  opposition  to  conjunction,  neglecting  all  but  the 
first  power  of  the  disturbing  force.  The  mass  of  Titan  was 
put  =  0.0001,  Hypt  rion's  eccentricity  r=  0.1  and  half  a  day 
was  adopted  as  the  interval.  The  result  is  shown  in  the 
following  table  : 


V1  Ao 

Hi 

x^  da 
*-* 

l1(0 

It 

V1  d(0 

d(0 

~di 

ll 

,f 

i' 

(i 

ir 

U 

d 

II 

n 

0.0 

0.000 

—33.977 

4.5 

—138.547 

+  22.332 

9.0 

+ 

247.832 

+ 

39.809 

0.5 

—  33.977 

32.451 

5.0 

116.215 

30.797 

9.5 

287.641 

31.326 

1.0 

66.428 

29.427 

5.5 

85.418 

38.373 

10. 0 

318.967 

21.120 

1.5 

95.855 

24.962 

6.0 

47.045 

14.650 

10.5 

340.087 

+ 

9.59a 

2.0 

120.817 

19.158 

6.5 

—     2.395 

49.260 

11.0 

3  19.682 

2.765 

2.5 

139.975 

12.171 

7.0 

+   46.865 

51.898 

11.5 

346.917 

15.420 

3.0 

152. in; 

—  4.2  is 

7.5 

98.763 

52.342 

12.0 

331.497 

27.793 

3.5 

156.364 

+    4.419 

8.0 

151.105 

50.468 

12.5 

303.704 

39  29  7 

4.0 

—151.945 

+  13.398 

8.5 

+  201..">  73 

+46.259 

13.0 

+ 

264.407 
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+      22.043 

—75.448 

14.0 

157.603 
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194.608 

41.278 

27." 

—     53.405 

102.533 

14.5 

94.499 

65.972 

21.0 

153.330 

45.159 

27.5 

155.938 

132.593 

15.0 

+   28.527 

65.820 

21.5 

108.171 

46.589 

28.0 

288.531 

165.886 

15.5 

—  37.2:i:i 

62.622 

22.0 

61.582 

45.620 

28.5 

454.417 

2"2.750 

16.0 

99.915 

56.464 

22.5 

—  15.962 

42.2:' 1 

29.0 

657. 167 

243.752 

16.5 

156.3  7:i 

47.52'.' 

23.0 

-    26.332 

36.607 

29.5 

900.919 

289.048 

17.0 

2i  '3.908 

36.373 

23.5 

62.939 

28.508 

30.0 

1189.967 

338.400 

17.5 

240.281 

23.687 

2  1." 

91.447 

17.915 

30.5 

1528.367 

388.      - 

18.0 

263.968 

—10.270 

24.5 

109.362 

+  4.726 

31.0 

1916.875 

430.527 

18.5 

274.2:l> 

-   3.045 

25.0 

114.088 

—11.124 

31.5 

2347.402 

450.091 

19.0 

271.193 

15.423 

25.5 

102.964 

29.741 

32.0 

—2797.493 

—440.423 

19.5 

—255.77" 

4-26.226 

26.0 

+    73.223 

—51.180 

By   interpolation  from   the 

data  of   th 

is  table  the  value 

dV 

=  20°.784043. 

of   Jco  correspond 

ling  to  the 

argument    3 

-    828 

is  about 

dt 

— 2634".     But  it  should  lie  — 5898",  consequently  the  mass 
of  Titan  should  be  changed  from  runww  t°  ttW- 

Having  now  some  conception  of  the  magnitude  of  the  mass 
of  Titan,  it  is  proposed  to  trace  the  path  of  Hyperion  from 
opposition  to  conjunction  by  mechanical  quadratures,  neg- 
lecting no  powers  of  the  disturbing  forces.  There  are  two 
unknown  quantities  to  be  determined  :  tirst.  the  velocity  with 
which  Hyperion  should  start  from  opposition  :  second,  the 
mass  of  Titan.  And  there  are  two  conditions  given  which 
suffice  for  their  determination:  first.  Hyperion  must  arrive 
at  conjunction  with  Titan  after  the  lapse  of  31.81828  days; 
second,  it  must  at  that  time  be  moving  at  right  angles  to  its 
radius  vector.  In  order  to  carry  out  the  process  of  mechani- 
cal quadratures  we  must  assume  the  values  of  the  two  un- 
knowns, leaving  them  to  be  corrected  afterwards.  I  assume 
the  velocity  of  Hyperion  at  starting  from  opposition  to  be 
such  that  it  gives 


the  unit  of  time  being  a  day.  This  is  what  it  would  have 
were  it  moving  in  an  elliptic  orbit  in  which  e  =  0.1.  And 
for  the  sake  of  a  round  number  I  shall  take  the  mass  of 
Titan  =  i^,,„-  The  perturbations  of  the  longitude  and  radius 
were  computed  by  employing  the  indirect  process.  The 
intervals  adopted  at  the  beginning  were  half  a  day.  but  as 
the  values  of  the  functions  change  very  rapidly  near  con- 
junction it  was  found  expedient  at  the  argument  27d.75  to 
reduce  them  to  one-sixth  of  a  day.  The  principal  results  ob- 
tained are  exhibited  in  the  following  table.  The  pertur- 
bations, as  here  given,  represent  the  deviations  from  the 
osculating  ellipse  at  opposition.  With  regard  to  the  radius, 
the  mean  distance  of  Titan  was  adopted  as  the  unit.  and.  in 
the  table,  the  unit  of  the  seventh  decimal  of  this  is  employed 
as  the  unit. 


d 

0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
40 
4.5 


0.0000 

-0.05  1 1 

0.5347 

1.82111 

4.2592 

8.0622 

13.3896 

20.3147 

28.8492 

38.9r,.-,: 


0.0541 
0.4806 
1.2944 

2.4301 
3.8030 

5.3274 

6.9251 

8.5345 

ln.1165 

11.6470 


+ 


+ 


y  -d-Sr 

2.785 

68. 

199.377 

390.235 

636.':.'" 

1.357 

1274  964 

1656.860 

2075.358 

2- "'27. 855 


+ 


^^t 

0.000 
66.21" 
130.382 
190.858 
246.455 
296  667 
341.607 
381.896 
418.49s 
+   452.497 


dt- 

+  66.210 
64.172 
60.476 
55.5:'7 
50.212 
44.940 
40. 289 
36.602 
33.999 

+  32.520 
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dt 


d.dV 
dt 


■cP6r 
dt2 


d 

5.0 

5 . 5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

1 1 .0 

11.5 

12.0 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

16.5 

17.0 

17.5 

18.0 

18.5 

19.0 

19.5 

I'D. II 

20.5 
21.0 
21.5 
22.0 
22.5 
23.0 
23.5 
21.0 
24.5 
25.0 
25.5 
26.0 
26.5 
27.0 
27.5 

27.75 


28.25 

28.75 
29.25 

29.75 


-     50.6127 

63.7289 

78.2622 

94.1745 

111.1  190 

130.0950 

1. ".o.l. ',07 

171.6862 

194.8047 

219.6478 

246.3936 

275.2628 

306.5204 

340.4795 

377.5042 

418.0120 

462  4753 

511.4200 

565.4214 

625.0935 

(',91.0711 

763.9803 

844.3951 

932.7768 

1029.3906 

1134.2090 

1246.8112 

1366.2557 

1491.0131 

1618.9242 

1747.2754 

L872.9248 

1992.5932 

2103.1758 

2202.  os  l".i 

2287.4959 

2358.5014 

2415.1615 

2458.2729 

2489.2727 

2509.9689 

2522.  :!21.-. 

2528.2794 

2529.6564 

2528.0648 

-2524.8750 
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2522 
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2520 
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2;">  I  7. 
2516. 
2516. 
2515. 
2515. 
2515. 
2515. 
2516. 
-2516. 


68161 
18023 
30136 
. 1 7558 
.13053 
.19094 
.37823 
.71063 
.202:17 
86632 
70741 
72835 
92556 
L'sssr, 
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—  13.1162 

+  3012.872 

1  1.5333 

3529.982 

15.9123 

1079.624 

17.2745 

4662.927 

18.6460 

5281.512 

2o.o.-,.-,r 

5937.304 

21.5355 

6632.355 

23.1185 

7368.684 

2  1.8431 

8148.130 

2C. 7458 

8972.191 

28.8692 

9841.891 

31. 2.17C 

10757.618 

33.9591 

11718.951 

•'••7.0247 

12724.453 

40.5078 

13771  424 

1  1.4633 

14855,613 

48.9447 

15970.862 

54.0014 

17108.695 

■V.).  6  721 

18257.845 

65.9776 

111  lo:',. 745 

72.9092 

2O.128.002 

80.4148 

21607.924 

88.3817 

22616.199 

96.6138 

23520. si  7 

104.8184 

24  285.630 

112.6022 

24871.386 

119.4445 

25237.620 

121  7574 

25345.815 

127.9111 

25163.236 

128.3:,  12 

24667.610 

125.6494 

23851.465 

119.6684 

2272.5. si  6 

110.5826 

21321.736 

98.9071 

19689.265 

85.4130 

17893.515 

71.0055 

li;oo8.729 

56.6601 

14111.241 

43.1114 

122  72.290 

30.9998 

10553.199 

20.6962 

9001.445 

12.3526 

76  1H.017 

5.9.179 

6512.436 

—  1.3770 

•5.193. 609 

+   1.5916 

1881.173 

+  3.1898 

+  4351.624 

+  1.20138 

+  3977.6203 

1.17887 

3874.1243 

1.12578 

3779.7299 

1.04505 

3692.1860 

0.93959 

3609.0464 

0.81271 

3527.6529 

0.66760 

344.5.111.", 

0.50766 

3358.2819 

0.33665 

3263.7213 

+0.15891 

3157.6814 

— 0.02O94 

3036. 0.597 

0.19721 

2894.3659 

0.36330 

2727.6859 

0.51  126 

2530.6491 

—0.63151 

+  2297.4047 
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549.642 

583.303 
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655.792 

69.5.0.51 

736.329 

779.446 

824.061 

869.700 

915.727 

961.333 

1005.502 

1016.971 

1084.189 

1115.249 

11; 3  7.833 

1149.150 

1145.900 

1124.2.57 

1079.922 

1008.275 

904.618 

764.813 

585.756 

366.234 

108.195 

182.579 

495.626 

816.14.5 

112.5.649 

1404.080 

1632.4  71 

179.1.7.10 

1884.786 

L897.488 

L 838.951 

1719.091 

1551.7.54 

1352.428 

1136.5s! 

918.827 
712.436 

529.549 

381.505 

114.6686 

103.4960 

94.394  1 

87.5439 

s,"..  1396 

81.3935 

82.5386 

86.8324 

94.5606 

106.0399 

121.6217 

141.1 

166.6800 

197.0      i 

-233.2141 
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32.093 

32.532 

33.661 

35.282 

37.207 

39.259 

41.278 

43.117 

11.61.5 

45.639 

46.027 

45.606 

44.169 

41.469 

37.218" 

31.060 

22.584 

11.317 

3.250 

21.643 

44.335 

71.647 

103.657 

139. si  1.5 

179.057 

219.522 

2. 5  s.  039 

290.774 

313.047 

320.519 

309.504 

278.431 

228.391 

163.279 

89.036 

—  12.702 

+   58.537 

119.860 

167.337 

199.326 

21.5.847 

217.754 

206.391 

182.887 

+  1  is.  044 


+  11.1726 

9.1016 

6.8505 

4.4043 

1.7161 

1.1451 

4.2938 

7.7282 

11.4793 

15.5818 

20.0721 

24.9862 

30.8568 

36.2076 

12.5468 
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a 

it 

30 

25 

—2517.43163 
2518.14396 
2518.88365 

30 

75 

2519.58045 
2520.14438 
2520.46322 

31 

25 

2520.40041 
2519.79458 
2518. 16065 

31 

75 

2516.19353 

2512.77  1ST 
—2507.98016 

at 

—0.71233 
0.73969 
0.69680 
0.56393 

—0.31884 

+0.06281 
0.60583 
1.33393 
2.26712 
3.41866 

4  1.79471 


+  2021.6135 

1696.4682 

1314.7544 

868.9711 

+  351.5268 

—  244.9757 
927.3630 
1701.4443 
2571 .5355 
3540.0238 
4607.0520 

—5770.3881 


V  d-Sr 


-  2 ,  •"> , 
325. 
381 
445 
517. 
596. 
682. 
771 
870, 
968, 
1067, 

-1163, 


7912 

1  153 
7138 
7833 
4443 
5025 
3873 
0813 
0912 
1883 
0282 
3361 


d?gr 

dfi 

-49.3541 
56.5685 
64.0695 

71.6610 
79.0582 
85.8848 
91.6940 
96.0099 
98.3971 
98.5399 
-96.3079 


From  the  data  of  this  table  ii  is  concluded  by  interpolation 
that,  for  the  argument  31d.81828,  the  perturbations  are 

d.Sr 

~w~~ 


\V=  —  25 13". 09  , 


-O.OOOG31S834 


The  unit  of  time  for  the  latter  is  a  day.  and  the  linear  unit 
the  mean  distance  of  Titan. 

Let  us  suppose  that  the  mass  of  Titan  we  have  employed 
needs  to  be  multiplied  by  a  factor  u  not  likely  to  differ  much 
from  unity,  and  let  it  be  granted  that  within  these  limits  the 
perturbations  may  be  considered  as  varying  proportionally 
to  ft.  Then  calling;  J  I"  the  correction  to  the  longitude  of 
Hyperion  through  the  change  which  ought  to  be  made  in  the 
velocity  attributed  to  it  at  opposition,  the  following-  equations 
ought  to  be  sat  is  tied  : 


178°  39'  9".7o  +  JF— 2513". (19  « 
dt 


-=-?  —  0.0006348834    • 


17s    2F  41".79 
0 


For  convenience  let  it  be  supposed  that  the  value  of  the 
daily  mean  motion,  we  have  employed  for  the  opposition, 
needs  to  be  corrected  by  60"+  dn.     Then  the  equations  may 

be  put  in  the  linear  form 

26.1300  J  n  — 2513".09  /*  +2614". 21  =  0 
—0.004579  J/i  —0.6348834  ft  +0.5682878  =  0 

In  the  coefficients  of  An  is  included  the  effect  of  the  change 
in  e  necessary  to  keep  a(l — e)  constant.  It  will  be  seen 
there  is  no  leaning  towards  indetermination  in  these  equa- 
tions.    The  solution  gives 

G0"+Jn=  +51".7581 


log  [i  —  9.9797984 

Arg.  Ineq.of  Orb.Long.  Radios 

O^O            0.0    +1  t  -". '  1  192.58    +0.29 

0.5   +115.1        111.5  192.87       0.85 

1.0       226.6       104.4  193.72        1.37 

1.5       331.0         94.4  195.09       1.86 

2.0       425.4         81.8  196.95       2.27 

2.5       507.2         67.5  199.22       2.60 

3.0       574.7         52.2  201.82       2.87 

3.5   +626.9     +36.1  204.69   +3.04 


The  resulting  mass  of  Titan  is  m'  =  jy'-rj,  and  the  oscu- 
lating elements  of  Hyperion  at  opposition  are 

Daily  n  =  60963".23942 
log  a  =  0.0823532 
e  =  0.0994706 

The  mass  of  Titan  here  arrived  at  is  quite  different  from 
any  of  the  values  published  hitherto.  Prof.  Newcomb's 
\ : 1 1 1 1 1 ■  "^  will,  however,  be  in  substantial  agreement  if  it  is 
multiplied  by  3  ;  and  it  appears  that  this  ought  to  be  done, 
since  the  number  97.4.  given  as  the  sum  of  72  values,  in 
order  to  obtain  the  mean,  through  some  inadvertance,  doubt- 
less, has  been  divided  by  24  instead  of  72.  Prof.  O.  Stone 
has  deduced  a  larger  value. t  But,  since  its  publication,  he 
has  informed  me  that,  after  the  rectification  of  an  error  com- 
mitted in  his  investigation,  he  arrives  at  a  value  nearly  the 
same  with  mine.  With  regard  to  the  value  of  the  mass  ob- 
tained by  M.  F.  TisserandJ  from  the  motiou  of  the  nodes  of 
Tapetus,  it  appears  difficult  to  explain  the  discrepancy,  and 
I  cannot  here  make  the  attempt. 

From  the  data  now  in  band,  without  any  farther  develop- 
ments, it  is  possible  to  construct  a  table  giving  the  inequality 
of  the  orbit  longitude  and  the  radius  of  Hyperion  with  the 
argument  days  after,  or  days  yet  to  elapse  before  oppo- 
sition with  Titan.  Such  a  table  follows.  It  corresponds 
to  an  opposition  radius  of  192". 582,  and  to  the  mass  of  Titan 
as  here  found.  When  the  argument  is  days  yet  to  elapse 
before  opposition,  the  signs  given  in  the  columns  headed  In- 
equality of  Orbit  Longitude  must  be  reversed. 

*  Astronomical  Papers  of  the  American  Ephemeris,  Vol.  Ill,  p.  367. 

t  Annals  of  Mathematics,  Vol.  Ill,  p.  161. 

i  Annates  de  V Observatoire  de  Toulouse,  Tom.  I. 


Arg.  Ineq.of  Orb.Long.            Radius 

L0  +663'.0  +2o!2  207.'73  f3.14 

4.5  683.2  +   4.7  210.87  3.17 

;,.ii  687.9  —10.3  214.0  1  3.11 

5.5  677.6  24.o  217.15  3.01 

6.0  653.6  36.7  220.16  2.84 

6.5  616.9  48.1  223.00  2.62 

7.0  568.8  58.2  225.62  2.37 

7.5  +510.6  —66.9  227.99  +2.07 


Arg. 

d 

8.0 
8.5 

9.0 

9.5 

10.0 

10.5 

11.0 


Ineq.of  Orb.Lonj;. 
+  443!  7     —74'.1 


369.6 
289.5 
205.0 
117.4 
+  27.9 
—   61.9 


80.1 
84.5 
87.6 
89.5 
89.8 
88.9 


230.06 
231.82 
233.24 
234.30 

234.98 
235.29 

2:',  5. 21 


Radius 

'I  n 

+  1.76 
1.42 
1.06 
0.68 
+  0.31 
—0.08 
0.46 


11.5  —150.8     —86.4     234.75    —0.83 
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Arg. 

Ineq.of  Orb. Long 

Radius 

Arg. 

1  in  q.of  Orb. Long. 

Radius 

Arg. 

Ineq.of  Orb. Long. 

Radius 

12.0 

—237.2 

—82.8 

233.92  - 

-1.20 

19.0 

— 174.9 

+86.1 

198.49 

—2.08 

26.0 

+  666.2 

—  2.5 

212.46 

+  3.13 

I2.fi 

320.0 

77.8 

232.72 

1.56 

19.5 

388.8 

97.6 

1  H6.41 

1.64 

26.5 

663.7 

16.7 

215.50 

3.05 

13.0 

397.8 

71.2 

231.16 

1.88 

20.0 

291.2 

106.3 

194.77 

1.14 

27.0 

647.0 

30.0 

218  64 

2.91 

I3.fi 

169.0 

63.4 

229.28 

2.19 

20.5 

184.9 

111.8 

193.63 

0.60 

27.5 

617.0 

42.1 

221.55 

2.73 

U.o 

532.4 

54.2 

227.09 

2.47 

21.0 

—  73.1 

113.8 

193.03 

—0.03 

28.0 

574.9 

52.9 

224.28 

2.49 

1  1.5 

5S6.6 

43.6 

224  62 

2.70 

21.5 

+    40.7 

112.2 

193.00 

+  0.52 

28.5 

522.0 

62.2 

226.77 

2.21 

15.0 

630.2 

31.6 

221.92 

2.90 

22.0 

152.9 

107.2 

193.52 

1.08 

29.0 

l.v.i.  8 

70.1 

228.98 

1.91 

1 5 . 5 

661.8 

18.6 

219.02 

3.04 

22.5 

260.1 

98.7 

194.60 

1.58 

29.5 

389.7 

76.9 

230.89 

1.58 

16.0 

680.4 

—  4.3 

215.98 

3.12 

23.0 

358.8 

87.7 

196.18 

2.03 

30.0 

312.8 

82.1 

232.47 

1.21 

1.6.5 

684.7 

+  10.7 

212.86 

3.1  1 

23.5 

1  16.5 

74.5 

198.21 

2.40 

30.5 

230.7 

85.8 

233.68 

0.84 

17.(1 

674.0 

26.3 

209.72 

3.08 

24.0 

521.0 

59.9 

200.61 

2.71 

31.0 

144.9 

88.1 

234.52 

0.45 

17.5 

647.7 

1:2.3 

206.64 

2.96 

24.5 

580.9 

44.2 

203.32 

2.94 

31.5 

+   56.8 

—89.2 

234.97 

+  0.O6 

18.0 

605.4 

57.8 

203.68 

2.74 

25.0 

625.1 

28.4 

206.26 

3.07 

32.0 

—  32.4 

235.03 

18.5 

—547.6 

+  72.7 

200.94   - 

-2.45 

25.5 

+  653.5 

+  12.7 

209.33 

+3.13 

Washington 

,  D.O., 

1S.SS  J, nil' 

2, 

OBSERVATIONS   OF   COMET   1888  a, 

MADE   AT   THE   U.S.    NAVAL    OBSERVATORY    WITH   THE   9.6-INCH    EQUATORIAL, 

By  Prof.  E.  FRISBY  and  H.  P.  TUTTLE. 
[Communicated  by  the  Superintendent.] 


1388 

Washington  M.T. 

* 

No. 
( lomp. 

/a 

-* 

#'sa] 
a 

jpareut 

8 

log 
for  a 

/'A 
ford 

Obs. 

a 

h        m         8 

1           H 

i      » 

li        n 

S 

o       r 

It 

s 

M 

Juue 

3 

15     1   19.8 

1 

1  2  ,   1 

+  1 

54.32 

4  1      6  5 

0  30 

52.40 

+  40  46 

9.9 

»9.  ,.il 

0.413 

T 

4 

14  51   39.1 

•_> 

20  .  4 

2 

211.50 

—2     1.0 

0  32 

22.67 

41      4 

4  ."i  .  ."i 

n.9.753 

0.396 

F 

5 

12     0  45.4 

:; 

12  ,  4 

+  0 

26.14 

+  2  30.5 

0  33 

40.19 

41    20 

54.3 

n9.750 

0.778 

F 

5 

15     6   12.1 

4 

10  ,  2 

2 

36.37 

+  2  39.1 

0  33 

.",  '_'  .  ."i  7 

41   23 

21.7 

»9.750 

0.390 

T 

7 

11  42  45.8 

5 

20  ,  4 

■> 

6.89 

+  3  41.6 

0    3,6 

32.63 

41    56 

3:;. 2 

;<9.743 

0.790 

F 

10 

14  35  50.0 

6 

35  ,  7 

+  1 

30.63 

+  3  48.2 

0  40 

50.03 

12   50 

.V.i. 4 

»:i.77l 

0.404 

T 

11 

14  23  24.0 

7 

30  ,  6 

+  1 

42.04 

—5  23.4 

T 

12 

11  32  11.5 

8 

19  ,  4 

— 1 

58.51 

+  3     8.7 

0  43 

14.38 

43   22 

39.4 

F 

12 

11  32  11.5 

It 

20  ,  4 

—3 

29.04 

+  2   12.1 

0  43 

14.52 

43   22 

33.3 

«9.757 

0.781 

F 

15 

15     5  37.7 

10 

15  .  3 

+  7 

7.1.". 

—0  37.2 

0  47 

6.10 

44    14 

9.4 

/<9.747 

0.200 

T 

16 

15     2     5.9 

11 

20  ,  4 

+  4 

13.12 

+  6   34.1 

0  48 

16.05 

+  44   20 

47.4 

><9.74S 

0.189 

T 

Mean  Places  for  1888.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

o            1           II 

a 

1 

0  28  58.04 

+  0.04 

+  40  45   15.7 

—  12.3 

Weisse's  Bessel  O,  G89 

2 

0  34   52.15 

0.02 

41     6  58.9 

12.4 

Weisse's  Bessel  O,  864 

3 

0  33    13.98 

0.07 

41    18  36.1 

12.3 

Weisse's  Bessel  O,  816-18 

4 

0  36  2.S  88 

o.oi; 

41   20  54.9 

12..", 

Weisse's  Bessel  O,  012 

5 

0  38  3D.:;:; 

0.10 

41    53     3.9 

12.3 

Weisse's  llossel  ( >.  967 

6 

0  39  19.18 

0.22 

4  2   47   23.4 

12.2 

Weisse's  Bessel  O,  978 

7 

DM.  43°  147 

8 

0  45   12.63 

0.26 

43  19  42.8 

12.1 

Weisse's  Bessel  O.  1121 

9 

0  46  43.31 

0.25 

43  20  33.3 

12.1 

Weisse's  Bessel  O.  1156 

10 

0  .",'.1   .Vs.;, 4 

0.41 

44  14  58.6 

12.0 

Weis>,V   liessel  I  1.  i'98 

11 

0  44      2.51 

+  0.42 

+  44  23  25.3 

—12.0 

Weisse's  Bessel  O,  1088 

Weisse's  Bessel  (),  1121  seems  to  be  in  error  by  1°.     It  has  been  changed  here. 
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1888  Haverford  M.T. 

* 

No. 
Comp. 

#- 
/a 

-* 

o/'s  apparent 
a                              8 

log 

for  a 

/)A 

lord 

Obs. 

L 
L 
G 
CI 
L 
L 

(1         h        m        s 

Juue    3    15     2  45 

3    15     2     0 

7    15  16  25 

7    15   16  25 

12    14  30  14 

12    14  39  36 

1 
2 
3 
4 
5 
6 

4,2 

11,5 

7,0 

7  .  .'! 

11  ,  6 

11  ,4 

in         s 

+  1   55.02 
—0  37.32 
+  0     5.78 
—  1   53.92 
+  ii  30.51 
+  0     4.30 

1       II 
+  1   14.8 
—1   43.3 

2   11.7 

2   15.8 

—0  45.6 

h       m        b 

0  30  53.29 

0  30  ;,.",.  l".i 

0  36  43.34 
0    13  24.67 

0           1            II 

+  40  46  18.6 
+40  46  18.3 

+  41  50  39.8 
+  43  28  52.1 

?i9*.746 

n9.746 

w9.7  33 

n9.771 

0.428 
0.428 

0.338 
0.412 

Mean  Places  for  1888.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

1 

2 
4 
5 

h        in         s 

0  28  58.25 
0  31  30. -V' 
0  38  37.15 
0  42  53.89 

+  0~.O2 

O.I  11' 

0.11 

+  0.27 

o       i          it 

+  40  45   16.0 

40  48  13.8 

41  53     3.8 
+43  31   20.0 

—  12.2 
12.2 
12.:; 

+  12.1 

Weisse's  Bessel  689 
Weisse's  Bessel  766 
Weisse's  Bessel  967 
Weisse's  Bessel  1058 

June  3.  Nucleus  about  one  magnitude  fainter  than  comparison- 
star  2 :  scarcely  distinguishable  from  tail.  Tail  composed  of  three 
parts,  like  prongs  of  a  pitch-fork,  but  the  outer  ones  much  fainter 
and  shorter  than  the  central  one.  When  united  at  the  nucleus  they 
seem  to  form  a  coma  elongated  at  right  angles  to  the  central  tail. 


June  12.  Nucleus  about  one  magnitude  fainter  than  comparison- 
star  6  ;  scarcely  distinguishable  from  tail.  Central  tail  quite  bright ; 
northern  one  just  visible;  southern  one  doubtful.  Comparison- 
stars  3  and  t>  of  the  ninth  magnitude. 


THE   VARIABLE    STARS   T  AND   U  MOXOCEROTIS,  1887, 

By  EDWIN  F.  SAWYER. 


T  Mbnocerotis. 
This  star  was  observed  on  sixty  eveuiugs,  from  1886 
November  19,  to  1887  May  1.  From  these  the  following- 
epochs  of  maxima  and  minima  have  been  deduced,  in  Cam- 
bridge M.T.,  using  the  mean  light-curve  formed  from  the 
1881-83  observations. 


Observed  Maxima. 

<  ibserved  Minima. 

d        h       m 

887  Jan.     9   12  47 

1886  Dec. 

(1        h        m 

3   16  33 

Feb.    5     0  16 

ct 

30     8     4 

Mar.   5  23  28 

L887  Jan. 

25   10  39 

"     31   11  54 

Feb. 

25    5  .■;:» 

Apr.  28     8     8 

Mar. 

23  17  39 

Apr. 

20  16  53 

U  Mbnocerotis. 

Fifty-one  observations  were  obtained  ou  this  star,  extend- 

Cambridcjeport,  1888  May  28. 


ing  from  1886  December  20,  to  1887  May  9.  From  these 
observations  six  well  determined  maxima  and  minima  have 
been  obtained,  as  follows  : 

Light  =  27.1 
25.1 

27.8 

Light  r=  8.3 
15.0 
10.6 

The  Interval  between  the  first  and  second  maximum  =  48.0 
days  ;  and  between  the  second  and  third  maximum  =  55 
days.  The  interval  between  the  first  and  second  minimum 
=  52  days  ;  and  between  the  second  and  third  mimimum 
—46. 5  days.  The  maxima  were  all  bright  ones.  The  first 
and  third  minima  were  rather  faint  ones,  while  the  second 
was  a  bright  one. 


Maxima  1887  Jan. 

15.0 

Alar. 

4.0 

Apr. 

28.0 

Minima  1886  Dec. 

28.5 

1887  Feb. 

18.5 

Apr. 

6.0 
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XOTE   OX   THE   OCCVLTATIOX   OF   47  LIBRAE   BY   JUPITER,    1888   JUXE    9. 


The  immersion  was  observed  as  follows  ;  the  emersion  was 
not  visible. 

36-inch  Equatorial;  power  >\"2  ;  E.  S.  Holden,  Observer  ; 

J.  E.  Kkei.kk.  Recorder.      Images,   weight   2   (5  perfect  :    1 
very  poor) . 

Chron.  Negus  1667;  A?  =  +1'"  15s.O. 

At  Chron.  time,  141'  10'"  0s,  there  was  no  black  space  be- 
tween tlie  star  and  the  limb;  the  star  then  entered  the  limb 
and  was  seen  bisected  at  chronometer  time.  14h  11'"  30s.O 

The  entire  image  of  the  star  was  seen,  inside  as  well  as 
outside  of  the  limb,  being  easily  distinguishable  from  the 
planet's  surface  by  its  brilliancy  and  peculiar  color. 

A  dark  semicircle,  or  band,  about  1"  wide,  on  the  follow- 
ing edge  of  the  star's  disc.  I  take  to  have  been  caused  by 
the  contrast  of  the  star's  light,  and  Jupiter's. 

Lie/,  Observatory,  1888  June  11. 


.1/  Chron.  time.  141'  12m  35s. 2,  the  star  was  entirely  iuside 
of  the  limb,  but  was  still  visible. 

The  dark  circle  was  no  longer  seen.  For  the  next  ten 
second-  <T  so,  the  star  was  alternately  visible  and  invisible: 
the  planet's  limb  was  quite  unsteady. 

At  Chron.  time.  14*  \2'-  51".5,  the  star  was  certainly  gone, 
and  it  was  not  seen  after  14h  12m  47±  2  .  At  14h  16m  I 
stopped  looking  for  the  star. 

h        m       s 

For  the  instant  of  immersion  I  take         14   12  35.2 

+  1  15.0 

Standard  Pacific  mean  time  of  immersion  14  13  50.2 

Or  Mt.  Hamilton  ••  "  14     7  15.9 

I  have  asked  Mr.  Barnakd  to  add  his  observations  to  my 
own. 

EDWARD  s.   HOLDEN. 


OBSERVATIONS. 


The  following  observations  of  the  disappearance  of  the 
6". 4  star.  47  Librae,  in  occultation  by  Jupiter,  were  made 
with  the  12-inch  equatorial;  the  aperture  being  reduced  to 
8.1  inches,  as  the  images  were  too  unsteady  with  full  aper- 
ture. A  magnifying  power  of  240  diameters  was  employed. 
I  recorded  the  observations  with  the  Dent  Clock  on  the 
Fauth  Chronograph;  and  also  by  calling  time  to  Mr.  C.  1>. 
Hill,  who  made  the  record  on  chronometer  Negus,  X".  1719, 
the    correction   to    which,    for   local   mean    time,    was    — 7'" 

l'h milometer   Times  of  Phenomena  at   Occultation, 
1888  June  9. 

14h  11'",   star  preceding   Jupiter's   limb  by  one  of   its   own 

diameters. 
14h  12   .   star  J  diameter  preceding. 
14h  13m  11s,  foil,   edge  of  star  in  contact    with    preceding 

limb.      (Recorded  on  chronograph  at  19*  24'"  6s. 9.) 
U     14'"  23s. 2,  star  partly  on  limb.      (Chronograph   19h  25 

19M.) 


11  15™  '-'.I.  star  seen  by  glimpses.  This  was  the  last 
glimpse  of  the  star,  and  three  seconds  later  it  had  cer- 
tainly disappeared.  (Chronograph  19  :.'•"'  57".9,  which 
I  take  to  be  the  time  of  immersion,  i 

On  a  scale  of  5  for  perfect  seeing,  the  images  would  have 
a  weight  of  2.  The  star  was  last  seen  with  at  least  f 
of  its  disc  within  the  limb,  but  not  entirely  within:  when 
it  had  encroached  some  distance  on  the  limb  it  appeared 
small,  round  and  bright,  its  disc  being  as  clearly  defined 
as  that  of  a  satellite  entering  transit. 

The  disappearance  occurred  close  south  of  the  parallel  of  the 
north  edge  of  the  north  equatorial  belt,  the  edge  being  more 
or  less  sinuous.  No  certain  diminution  of  the  light  of  the 
star  was  observed,  except  that  due  to  the  brighter  back- 
ground. 

The  correction  to  the  Dent  (lock,  recording  on  chrono- 
graph, being  — lm  54s.67  to  local  sidereal  time  at  epoch  of 
observation,  the  local  sidereal  time  of  immersion  is  19*  24'" 
3S.2,  and  the  corresponding  Mt.  Hamilton  mean  time  is  14* 
7m  15s.9. 

E.   E.  BARNARD. 
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THE   EXTENSION   OF   THE   LA AY    OF   GKAYITATION   TO   STELLA  R    SYSTEMS, 

By   A.    HALL. 


After  the  discovery  of  the  law  of  gravitation  by  Newton, 
and  its  brilliant  confirmation  in  explaining  the  motions  of 
the  planets  and  satellites  of  our  solar  system,  the  question 
of  its  generalization  and  extension  to  the  stellar  universe 
would  naturally  be  considered.  Lmmanif.i.  Kant  was  one 
of  the  earliest  and  most  ingenious  writers  on  this  subject.* 
Kant  begins  his  preface  in  the  following  manner  :  "  I  have 
chosen  a  subject  which,  both  on  account  of  its  innate  ditli- 
culty  and  also  in  regard  to  religion,  may  at  first  impress  a 
great  part  of  my  readers  with  an  unfavorable  opinion.  To 
discover  the  systematic  arrangement  which  unites  the  great 
members  of  creation  in  its  whole  extent,  even  to  infinity  :  to 
derive  the  formation  of  the  heavenly  bodies  themselves,  and 
the  origin  of  their  motions,  from  the  primitive  condition  of 
nature  by  means  of  mechanical  laws :  are  attempts  that 
-eein  to  surpass  by  far  the  powers  of  the  human  reason." 
The  author,  however,  ventures  boldly  on  this  great  problem, 
and  Kant  must  be  considered  one  of  the  founders  of  the 
nebular  hypothesis.  He  concludes  that  the  lixed  stars  are 
the  centers  of  planetary  systems  in  which  the  motions  of  the 
bodies  are  governed  by  the  law  of  gravitation.  A  few  years 
afterwards  Lambert  published  speculations  <>n  the  structure 
of  the  universe  similar  to  those  of  Kant,  though  in  some 
respects  more  complete  in  regard  to  the  motions  of  the  stars. 
In  the  years  1767  and  1784  the  Rev.  John  Michell  pub- 
lished memoirs  in  the  Transactions  of  the  Royal  Society  of 
London  on  the  relations  of  double  and  triple  stars,  and  on 
clusters  of  stars.  Michell's  argument  for  the  physical 
connection  of  such  stars  is  based  on  the  theory  of  proba- 
bilities, and  he  predicts  that  these  stars  will  be  found  in 
motion  around  each  other.  Within  a  quarter  of  a  century 
from  the  lime  it  was  made  this  remarkable  prediction  was 
verified  by  the  observations  and  discoveries  of  Sir  William 
Hekschel. 

*  Allgemeine  Xaturgeschichte  uud  Theorie  des  Himmels,  oder 
Versuch  von  der  Verfassung  uud  dem  mechanischen  Ursprunge  des 
ganzen  Weltgebaudes  nach  Newtonischen  Grundsatzen  abgehandelt. 
Konigsberg  uud  Leipzig,  bei  Jobauu  Friederich  Petersen,  1755. 


§2.  The  Newtonian  law  of  gravitation  follows  from  the 
laws  of  Kepler,  and  these  laws  were  deduced  from  obser- 
vations of  the  planets.  In  the  extension  of  the  law  of  gravi- 
tation by  analogy  it  lias  been  assumed  generally  that  this 
law  governs  the  motions  of  the  stars,  without  considering 
very  carefully  the  condition  of  our  knowledge  of  the  motions 
of  binary  systems  in  the  stellar  world.  In  our  solar  system 
the  law  of  gravitation  has  been  firmly  established  by  long 
series  of  observations  of  the  planets  and  satellites.  It  ap- 
pears also  to  have  controlled  the  figures  of  the  planets.  The 
extension  of  such  a  law,  therefore,  to  other  systems  may 
seem  to  lie  justified  without  further  consideration.  But  the 
step  is  a  great  one,  and  it  is  well  to  examine  the  conditions 
under  which  it  is  taken.     The  laws  of  Kepler  are  : 

1.  The  planets  move  in  plane  curves,  and  their  radii  vec- 
tores  describe  a  round  the  center  of  the  suit  areas  that  are  pro- 
portional  to  the  time. 

2.  The  orbits  of  the  planets  are  ellipses,  the  sun  being  in 
one  of  the  foci. 

3.  The  squares  of  tin  pi  riodie  times  of  the  planets  round 
the  sun  are  as  the  cubes  of  the  major  axes. 

From  these  laws  it  follows  that  the  force  which  governs 
the  motion  of  a  planet  is  situated  in  the  focus  of  the  ellipse 
at  the  center  of  the  sun,  and  attracts  the  planet  inversely  as 
the  square  of  the  distance.  This  is  shown  in  the  Aficaniqui 
tie,  Livre  II,  Chap.  I.  The  result  may  be  reached 
easily  by  means  of  a  general  proposition  in  central  forces. 
Let  B  be  the  central  force  acting  in  the  line  joining  the 
bodies,  and  take  the  plaue  of  the  orbit  as  the  plane  of  xy. 
The  equations  of  motion  are, 

dt- 


,it-  r 


0  : 


+  Il-l  =  o 


By  cross  multiplication  we  have 

xdy  —  ydx  =  cdt 

c  being  the  constant  of  integration.     For  polar  coordinates 
we  have 
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X  =  r  cos  0  :  y  =  /•  sin  0 

dx  =  ci is  f)  dr  —  sin  0  r  (10 

thj  =  sin  0  dr  +  cos  0  r  (18 
d'-.c  =  cos  0  drr  —  sin  0  rdrO  —  2  sin  0  dr  d0  —  cos  0  r  tl0- 
dhj  —  sin  8  drr  +  ens  6  r  d:t)  +  2  cos  8  dr  dO  —  sin  0  r  dO2 

To  find  7?  in  terms  of  the  polar  coordinates  multiply  the 
tii'st  equation  of  motion  by  cos  8.  and  the  second  by  sin  0  ; 
then  adding  we  have  by  means  of  the  last  values  of  d?x  and 
dry, 


R    =     T 


d-r 
dJ 


which  is  sometimes  a  useful  form.  From  the  values  of  dx 
and  di/  we  evidently  have  fit  =  r  dO.  In  order  to  form  a 
differential  expression  for  the  velocity  multiply  the  first 
equation  of  motion  by  2dx,  the  second  by  2dy ;  then  by 
addition 

dti 


d.r  —  —•>lidr=  27?.— 


if  u 


.     But 

T 

dr  +  rdO- 

v"  =  T5 — 

dt2 

Taking  dd  constant 


.,  dr  +  rdff2         .,  (  .,    ,    <h< 
c-. t^^ —  =r    «-  + 


r4dff- 


,10- 


d.V2: 


.■-  Uudu  + 


(1) 


11  =   CT42  (  U   + 


•Id'- ii  .tin 

dff- 

d-u 

d(P 


27,' 


tin 


If  we  denote  now  generally  by  X  and  Y  the  forces  parallel 
to  the  axes  of  coordinates,  the  equations  of  motion  are 


tl-.l- 

dtr 

X:    d;!>=Y 

These  equations  give 

dry 
dt2 

drx 

J  dt- 

>/X 


By  the  first  law  of  Kepler  the  area  is  proportional  to  the 
time,  or 

thi  dx 

a,^-^=COnstant' 


so  that 


or 


if  il 
tit2 


d2x 


By 


X  :  Y  ::    x  :  y 

and  the  direction  of  the  force   passes  through  the  sun. 
the  second  law  the  orbit  is  an  ellipse,  or 

1 +  e  cos  0 

a(l-e-) 

Since  the  force  is  central   we  may  apply  equation  (1 ).  and 
we  have 


„         „  .,  C  — e  cos  0   ,    1  +  e  cos  0  ) 


B  = 


c 


a(\ — e2)  '  r 

The  central  force  therefore  varies  inversely  as  the  square 
of  the  distance.  Since  c  is  the  area  described  in  the  unit  of 
time,  if  T  be  the  periodic  time  of  the  planet,  we  have 

cT  =  2-  «-'Vl— e- 
and 

,i       1 


R 


4-' 


7'-  '  ,■- 


By  the  third  law  the  ratio  -=p,  is  the  same  for  each  of  the 


planets,  and  we  may  write 


7? 


M 


U) 


where  M  has  the  same  value  for  all  the  planets.  This  is  tin- 
Newtonian  law  of  gravitation  which  has  been  so  completely 
verified  by  observing  the  motions  of  the  bodies  of  our  solar 
system  during  the  last  two  centuries,  and  which  also  governs 
the  motions  of  comets  amound  our  sun. 

$3.  If  we  undertake  to  extend  the  preceding  method  to 
the  orbits  of  double  stars  we  shall  find  the  proof  incomplete. 
In  this  case  observations  furnish  the  coordinates  of  one  star 
with  respect  to  another,  and  the  curve  we  see  described  is 
the  projection  of  the  real  orbit  on  a  plane  perpendicular  to 
the  line  of  sight.  If  the  real  orbit  be  an  ellipse,  the  appar- 
ent orbit  will  likewise  be  an  ellipse,  but  the  star  assumed  to 
be  at  rest,  if  it  be  at  the  focus  of  the  real  ellipse,  will  not 
also  lie  at  the  focus  of  the  apparent  ellipse,  unless  the  planes 
of  the  real  and  apparent  orbits  coincide.  This  condition 
complicates  the  determination  of  the  orbit,  and  renders  it  dif- 
ficult to  establish  by  observation  the  truth  of  Kepler's  sec- 
ond law  for  the  motions  of  double  stars.  Since  we  can  ob- 
serve only  the  apparent  orbits  of  the  stars,  and  the  fact  that 
they  describe  equal  areas  in  equal  times,  we  may  conclude 
that  the  force  is  central,  but  can  not  determine  the  law  of 
force  as  in  the  case  of  planetary  motion.  This  difficulty 
arises  from  the  fact  that  the  focus  of  the  real  orbit  is  not 
projected  on  the  focus  of  the  apparent  orbit  in  which  we  ob- 
serve the  equal  description  of  areas.  Our  inference  of  the 
Newtonian  law  must  be  from  analogy.  We  know  that  an 
ellipse  may  be  described  by  a  body  moving  under  this  law. 
the  central  force  being  at  the  focus.  We  know  also  that  an 
ellipse  will  be  described  if  the  force  be  at  the  center  of  the 
ellipse  and  the  law  of  force  is 

R  =  Mr.  (B) 

In  this  case  the  periodic  time  is  independent  of  the.distance. 

Are  there  other  laws  of  force  by  which   a  conic   would   be 

described?    This  question  was  proposed  by  Bertrand  in  the 

Comptes  Rendus  de  VAcaMmu  dt  s  Scii    «s,  1887  April ;>.  ami 
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was  immediately  answered  by  Darboux  and  Hai.phen. 
Their  solutions  showed  that  a  body  moving  in  the  plane  of 
xy  under  the  action  of  a  central  force  would  describe  a  conic 
when  the  force  has  the  expression 

(C)  S 


R  = 


(ax+by+ 
Mr 


(<i.i~  +  h:r)i  +  c<r)'-l 
x  :iud  y  being  the  rectangular   coordinates    of    the    body. 
These  expressions  are  the  general  values  of  R. 


The  question  in  stated  by  Bertrand  as  follows  :  "Know- 
ing that  a  material  point  under  the  action  of  a  central  force 
always  describes  a  conic,  it  is  required  to  find  the  expression 
of  this  force."  The  solution  given  by  Darboux  is  very  sim- 
ple. Take  the  centre  of  force  as  origin  ;  denote  by  u  the 
reciprocal  of  the  radius  vector,  and  by  6  the  polar  angle. 
The  general  equation  of  a  conic  can  be  written 


u  =  a  cos  0   +   b  sin  0  +  yf  A  cos  26  +  B  sin  20+H 
Hence 


(p!(  _  A-—^—(A  cos  -26+B  sin  -20)-—  277  (A  cos  26+B  sin  26) 

— s  =  —  «  cos  6  —  b  sin  0  +  — 

dO- 


and  by  addition 

d-n 


H-  —  A—B- 

(J  cos  20+73  sin  20+7J)t 


R. 
(2) 


Equation  (1)  gives  therefore  as  the  general  expression  for 
JP—A'—B2) 


R 


r2  (4  cos  20+73  sin  20+ J3 

If  we  suppose  <r(II- — A~ — 73-)  =  M,  the  value  of  R  takes 
the  form   (D).      If  A  =  B  =  0,  we  have  the  Newtonian 

law,  and  the  force  does  not  depend  on  0.     From  the  equa- 
tion for  u  we  may  write 

31 


R  = 


■G- 


eos  0 — b  cos  0 


By  returning  to  rectangular  coordinates,  this  gives  the 
form  (C).  If  a  and  b  are  zero,  the  expression  gives  7.'  = 
Mr.  which  is  the  known  result  (73).  Despeyrous'  Micanique, 
Tome  I.  Note  XII.  We  see  therefore  that  there  are  vari- 
ous laws  under  which  a  body  would  describe  an  ellipse  round 
a  center  of  force,  and  that  among  these  the  Newtonian  law 
is  one  of  the  simplest.  If  we  assume  also  that  the  force  de- 
pends only  on  the  distance,  and  not  on  the  direction.  —  an 
assumption  which  our  experience  makes  probable,  —  we  have 
the  forms  (A)  and  (73)  ;  and  finally,  if  we  suppose  the  force 
to  become  zero  at  an  infinite  distance,  we  have  the  law  of 
Newton. 

§4.  The  earliest  objector  to  the  extension  by  analogy  of 
the  Newtonian  law  to  stellar  systems  appears  to  have  been 
Augusts  Comte,  the  founder  of  the  positive  philosophy.  At 
pp.  417-418  of  his  Traite"  PhUosophique  d'Astronomie,  the 
author  objects  to  such  an  extension  on  the  ground  that  the 
observations  are  not  sufficiently  accurate  to  determine  the 
true  figure  of  the  orbit,  and  especially  that  we  cannot  decide 
whether  the  principal  star  is  at  the  focus  or  the  center  of 
the  ellipse.  On  a  preceding  page  Comte  had  pointed  out 
that  an  ellipse  would  be  described  with  a  force  at  the  center 
and  the  law  expressed  by  formula  (B) . 

In  the  Connaissance  des  Temps,  1852,  Yii.larceau  has 
discussed  this  question.    He  states  his  conclusion  as  follows  : 


(4  cos  20  +  73  sin  20+7/  I 

••  Although  it  results  from  the  researches  of  astronomers 
that  the  movements  observed  in  binary  systems  are  not  in 
any  respect  in  opposition  to  the  law  of  gravitation,  we  have 
not  yet,  however,  the  right  to  conclude  that  this  law  does 
in  fact  govern  the  motions  of  double-stars  as  it  governs  the 
planetary  motions.  The  observations  of  double-stars  can- 
not furnish  an  experimental  proof  of  the  universality  of  the 
law  of  gravitation,  but  only  strong  probabilities  which  are 
now  beginning  to  be  established." 

We  know  that  if  we  consider  the  motions  of  two  bodies 
attracting  each  other  the  orbit  must  be  in  a  plane.  The  ob- 
servations of  double-stars  and  the  determination  of  their 
apparent  orbits  show  that  these  bodies  move  in  conic  sec- 
tions, and  thai  the  law  of  equal  areas  in  equal  times  is 
observed.  This  kind  of  proof  is  cumulative,  and  will  in- 
crease as  time  develops  the  motions  of  binary-stars,  and  as 
they  are  carefully  observed.  But  it  is  exceedingly  difficult 
to  prove  by  observation  that  the  principal  star  is  in  a  focus 
of  the  ellipse  of  the  real  orbit,  since  we  see  only  a  single 
projection  of  this  curve.  The  method  that  is  followed  by 
astronomers  is  to  assume  the  Newtonian  law  of  gravitation, 
and  after  the  orbit  is  determined,  compare  the  elements  with 
observations,  and  in  this  way  acquire  a  certain  degree  of 
probability  that  we  have  assumed  the  right  law.  Villain  i.  w 
shows  that  the  proof  of  the  law  of  Newton  in  our  solar  s\  >- 
tern  and  the  proof  of  the  universality  of  this  law  are  of  an 
essentially  different  nature.  The  first  results  from  obser- 
vation, and  it  is  not  necessary  to  invoke  anything  else  than 
the  principles  of  rational  mechanics  :  the  second  cannot  be 
established  directly  by  observation,  and  we  are  compelled  t.> 
recur  to  the  theory  of  probability  to  justify  its  assumption. 
The  probabilities  in  favor  of  the  universality  of  the  law  of 
Newton  may  be  very  great  in  fact,  but  they  do  not  consti- 
tute a  proof  offering  the  character  of  experimental  certainty 
which  clothes  the  law  of  Newton  itself  in  our  planetary  sys- 
tem. 

The  weakness  of  the  proof  that  the  Newtonian  law  governs 
the  motions  of  double-stars  arises  from  two  sources.  In  the 
first  place  the  errors  of  observation  have  a  large  ratio  to  the 
quantities  measured.     This  condition  makes   it  difficult  to 
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compute  the  orbits  with  much  accuracy,  or  we  may  satisfy 
the  observations  with  very  different  elements.  Hence  there 
has  been  much  computing  of  the  orbits  of  double-stars  where 
the  results  obtained  are  hardly  worth  the  labor  expended. 
When  we  find  that  a  small  change  in  the  weights  of  the 
equations  of  condition  produces  greal  changes  in  the  result, 
it  is  an  indication  that  the  data  are  insufficient,  and  iu  this 
case  it  is  better  to  be  satisfied  with  methods  thai  are  simple 
and  are  theoretically  correct.  The  insufficiency  in  the  data 
can  only  be  removed  by  further  observation.  Since  there  is 
no  theoretical  difficulty  in  the  way,  the  continuation  of  the 
observations  of  double-stars  and  the  improvement  of  methods 
of  observation  will  in  time  give  the  means  for  the  accurate 
determination  of  their  apparent  orbits.  The  theoretical 
difficulty  in  proving  the  law  of  Newton  for  double-stars  can- 
not be  overcome.  But  we  can  increase  the  probability  of 
the  existence  of  this  law  by  determining  more  orbits  and 
those  that  are  very  differently  situated.  If  the  law  prove 
satisfactory  in  all  cases,  we  shall  have  a  probability  of  its 
universality  increasing  with  the  progress  of  astronomy. 

§5.  There  is  another  branch  of  astronomy  connected  with 
this  question  which  in  the  future  is  destined  to  become  of 
great  interest.  It  is  the  part  of  sidereal  astronomy  that 
treats  of  the  proper  motions  of  the  stars.  We  know  already 
a  large  number  of  these  motions,  and  more  are  continually 
coming  to  light.  Since  many  of  the  large  proper  motions 
belong  to  stars  of  the  fainter  magnitudes,  as  our  knowledge 
of  the  stars  is  extended,  we  shall  doubtless  find  many  more 
such  examples.  The  following  table  contains  some  of  the 
stars  with  the  greater  proper  motions.  The  annual  proper 
motion  is  denoted  by  /<,  and  the  annual  parallax  by  n.  The 
values  of  the  proper  motions  are  well  determined,  but  those 
of  the  parallaxes  are  sometimes  doubtful.  These  latter  have 
been  taken  from  what  seem  the  most  probable  determi- 
nations, except  in  those  cases  where  uo  observations  for 
parallax  have  been  made.  These,  which  are  designated  by 
a  ' .  have  been  inferred  from  the  table  depending  on  magni- 
tude given  by  C.  A.  F.  Peters,  and  from  analogy.  If  we 
suppose  the  star  to  lie  moving  at  right  angles  to  the  line  of 
sight  the  velocity  iu  miles  per  Becond  will  be 

y  =  [0.4671]  .'"' 

71 

If  we  imagine  a  sphere  with  radius  r  described  round  the 
star  the  direction  of  motion  may  be  towards  any  point  of  the 
surface  of  this  sphere.  Let  c  be  the  inclination  of  a  right 
line  through  the  star  to  the  plane  passing  through  the  star 
at  right  angles  to  the  line  of  sight.  The  differential  element 
of  the  spherical  surface  will  be 

da-  =   r  cos  <s  il  cil  (.'•, 

where  <1>  is  the  angle  of  rotation  around  the  line  of  sight. 
The  integral  with  respect  to  ifi  from  o  to  in  gives  the  circu- 
lar element  corresponding  to  <p,  or  2arr2  cos  <pd<p.      Since 

1888  July  2. 


there  are  4 nr3  points  on  the  sphere  the  mean  inclination  of 
the  right  line  through  the  star  to  the  plane  will  be 

J  „     'Inr  is  cos  is  .  dc 


4,t/- 
As  we  need  only  the  direction  we  put  r  equal  to  unity  and 

the  result  is 


if  sin  cr  +  cos  is 


2  =  2-^ 


or  ,?,,  =  90°  —  57°.3  =  32°  42' 

The  probable  velocity  is  therefore 
i\   r=    y  sec  cr0. 
The  last  column  of  the  table  gives  i\. 


Star 

Mag. 

n 

- 

V 

i>i 

II 

a 

Groombridge  1830 

7.0 

7.05 

0.10 

20  7 

246 

Lacaille  9352 

7.5 

6.96 

0.28 

7:; 

87 

Gould  -52416 

8.5 

6.08 

0.10* 

178 

212 

CI  Cygni 

■> .  ■> 

5.22 

0.35 

44 

52 

Lalaude  21  Is.". 

7  .:< 

4.75 

0.50 

28 

33 

i   Indi 

1.0 

t.68 

0.22 

62 

74 

Lalande  21258 

8.5 

4.40 

0.27 

18 

•"'7 

rr  Eridani 

4.0 

4.10 

0.18 

67 

79 

!<  Cassiopaese 

."> . . > 

3.83 

0.10 

112 

133 

a  Centauri 

1.0 

3.67 

0.75 

1  1 

17 

e  Eridani 

3.0 

3.10 

0.14 

65 

77 

1 1-roombridge  3  1 

8.5 

2.81 

0.30 

27 

33 

a  Bootis 

1.0 

2.26 

0.13 

51 

61 

Bradley  3077 

6.0 

2.09 

o.o7 

88 

104 

i'  Uydi'i 

4.0 

2.06 

o.oC* 

101 

120 

o-  Uraconis 

5.5 

1.93 

0.22 

26 

31 

-  Ceti 

3.5 

L.90 

0.06* 

93 

110 

s  Pa  von  is 

4.0 

1.63 

0.05* 

96 

114 

61  Virginia 

5.0 

1.45 

0.05* 

85 

101 

;•  Serpentis 

3.5 

1.32 

0.06s 

64 

77 

85  Pegasi 

6.0 

1.30 

0.05 

76 

91 

The  velocities  of  the  planets  of  our  system  which  are 
nearest  the  sun  are,  iu  the  same  units,  Mercury  29.5  ;  Venus 
21.6;   Earth  18.4  ;   and  .Mars  15.0. 

Although  the  parallax  of  the  star  introduces  considerable 
uncertainty  into  the  velocities  given  in  the  table,  yet  we 
already  know  enough  to  be  sure  that  these  velocities  are  very 
great.  Some  of  them  are  comparable  to  that  of  a  comet  in 
close  proximity  to  our  sun.  But  in  most  cases  there  is  no 
visible  object  near  the  one  in  motion  to  which  we  can  ascribe 
an  attractive  force,  acting  according  to  the  Newtonian  law. 
which  would  produce  the  velocity  observed  unless  we  assume 
enormous  masses.  We  are  hereon  speculative  ground.  The 
further  investigation  and  the  explanation  of  this  question 
remain  for  the  future,  but  our  present  knowledge  should 
make  us  cautious  about  general  deductions.  The  law  of 
Newton  is  one  of  the  greatesl  generalizations  of  science; 
and  yet  it  seems  to  me  better,  and  certainly  far  safer,  to 
await  further  knowledge  before  we  proceed  a-  K  \\r  has 
done  to  construct  the  universe  according  to  this  law. 
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OBSERVATIONS   ON 

IN- 


VARIABLE P  L  YBAE, 

WILLIAM    MAXWELL    HEED. 


I  beg  to  submit  the  results  of  the  following  series  of 
seventy-rive  observations  made  on  this  star  during  the  latter 
half  of  1887. 

The  comparisons  were  made  by  Argelander's  method, 
and  reduced  in  the  usual  manner  by  means  of  the  light-scale 


of  comparison-stars  hereafter  given.  The  resulting  values 
are  presented  in  the  following  table,  in  which,  against 
each  date  expressed  in  decimals  of  a  day,  Cambridge  M.T., 
are  placed  my  values  of  the  light  of  the  star  in  the  column 
B. 


Observations. 


1887 

1887 

1887 

1887 

Camb.  M.T. 

It 

Camb.  ALT. 

It 

Cam)).  M.T. 

It 

Camb.  M.T. 

It 

May      1.38 

+  13.6 

d 

June    1  1.  13 

+  11.7 

Aug.     8.48 

+  22.2 

Oct.     15.41 

+  17.0 

9.39 

16.4 

15.43 

16.9 

0.37 

15.0 

19.43 

18.4 

10.37 

6.9 

25.45 

13.3 

10.43 

3.9 

Nov.     5.41 

21.2 

12.42 

1.8 

26.39 

1  l.o 

12.3S 

17.4 

7.24 

18.9 

13.40 

9.0 

29.45 

15.5 

13.39 

16.9 

8.26 

8.7 

14.42 

14.0 

30.46 

18.4 

16.39 

15.3 

16. 26 

10.8 

15.37 

12.0 

July       1.46 

17.9 

18.38 

17.0 

18.28 

19.4 

16.40 

13.0 

l.ll 

11.7 

27.53 

18.4 

22.28 

5.9 

19.42 

11.0 

7.46 

18.9 

Scot.     1.43 

19.2 

27.1'  2 

11.8 

20.45 

13.0 

12.3.9 

17.9 

4.47) 

15.5 

32.24 

18.4 

21.44 

13.0 

13.38 

17.9 

1  1.45 

■>■)  ■> 

31.25 

19.4 

22.38 

13.0 

16.38 

3.75 

16.42 

17.1 

Dec.      3.28 

16.0 

23.42 

17.7 

19.37 

18.9 

17.3s 

17.4 

6.23 

12..S 

25.43 

+   2.2 

20.38 

17.1) 

18.40 

6.2 

1  1.22 

■>■)  ■> 

June     7.39 

—  1.3 

25.37 

19.9 

19.34 

5.9 

16.24 

20.2 

10.41 

+  18.4 

27.37 

16.5 

20.30 

17.0 

IN.  -11 

12.5 

11.44 

17.0 

28  11 

2.1 

23.40 

19.2 

22. 2. S 

17.2 

12.43 

15.5 

30.36 

15.7 

Oct.    12.42 

+  18.2 

24.25 

+  16.1 

13.4  1 

+  11.3 

Aug.     7.36 

+  17.9 

The  times  of  minimum  have  been  deduced  by  reference  to 
the  light-curves  of  Argelandek  and  Schonfeld,  indepen- 
dently.    Thus  from  the  following  values  of  the  light-scale  : 


A 

8 

B 

7 

12.7 

15.0 

22.2 

~ 

10.3 

10.3 

13.6 

e 

12.1 

0 

7.6 

7.8 

10.0 

c 

3.4 

2.9 

5.6 

8 

3.9 

K 

2.6 

1.2 

0.8 

I  found,  by  a  graphical  process,  the  relations 

A  =  0.30  +  0.6912 
S  =  0.70  +  0.551? 

by  means  of  which  I  determined  the  values  of  S  and  A  in 
the  following  table. 

These  values,  in  conjunction  with  the  use  of  Argelan- 
der's  and  Schonfeld's  light-curves,  and  by  the  application 
of  Argelander's  method,  result  in  the  following  times  of 
principal  minima : 


Minima, 

Cambridge 

M.T. 

Epoch 

Computed 
Minima 

A 

i  Diserveil 
A—  C 

.Minima. 
S 

s—  a 

Wt. 

1S.S7 

d 

a 

d 

d 

91  1 

April  28.972 

April  30.31 

+  1.31 

i 

915 

May    11.891 

May 

12.27 

+0.38 

May    12.26 

+  0.37 

1 

916 

24.709 

25.26 

+0.46 

25.43 

+  0.63 

X 

917 

June     6.713 

June 

7.39 

+  0.6S 

June      7.39 

+  0.6S 

X 

919 

July      2.541 

July 

3.68 

+  1.14 

July      3.12 

+  0.ss 

I 

920 

15.454 

15.81 

+  0.36 

15.4.5 

+  0.00 

4 

921 

28.368 

28.85 

+0.48 

29.08 

+  0.71 

1 

922 

Aug.  10.2s:; 

Aug. 

10.20 

—0.08 

Aug.   10.46 

+  0.18 

1 

924 

Sept.    5.1H) 

Sepl 

5.78 

+  0.67 

Sept.     6.04 

+  0.03, 

1 

925 

18.021 

18.44 

+  0.42 

18.60 

+  0.58 

1 

027 

Oct.    13.851 

Oct. 

14.16 

+  0.32 

Oct.     13.39 

+  0.46 

1 

929 

Nov.     8.6  70 

Nov. 

9.36 

+  0.68 

Nov.      9.09 

+  0.41 

1 

930 

21.593 

21.74 

+  0.16 

21.74 

+  0.16 

4 

931 

Dec.     4.506 

Dec. 

5.13 

+  0.62 

Dec.      5.13 

+0.62 

i 

932 

17.419 

17.34 

—O.os 

17.24 

—0.18 

i 
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The  columns  A — C  and  £ — C.  contain  the  comparisons 
with  the  computed  minima,  according  to  Argelander's  ele- 
ments of  this  star.  The  means  of  the  residuals  give,  for  the 
mean  epoch  923,  the  corrections  to  these  elements  +0d.474 
and  +04.467,  according  to  the  two  curves,  respectively,  with 
the  corresponding  probable  errors  of  ±0d.08  and  of  ±0d.O5. 

The  mean  of  these  indicated  corrections  is 

+  0ll.470o  ==   +1V  17'". 5. 

S<  honfeld  found,  in  1865  and  1870,  the  corrections, 

for  epoch  291    +0h  53'". 2   ±17'". 49 
for  epoch  450   +  21'  53m.6    ±21m.30 

From  the  foregoing  it  appears  that  the  deviation  of  the 

Cambridge,  1888  July  29. 


assumed  elements  is  rapidly  increasing.  Assuming  the  col- 
lection of  Argelander's  principal  epoch  to  be  zero,  the 
above  data  would  furnish  three  equations,  from  which  to  find 
new  values  for  the  peril  id  and  the  terms  depending  on  the 
second  and  third  powers  of  the  time,  lint,  as  it  is  proposed 
to  continue  observations  upon  the  star  the  coming  season.  I 
defer  making  a  definitive  computation,  remarking  merely 
that,  using  somewhat  different  corrections  from  the  above,  I 
found,  provisionally,  the  following  corrected  values  of  the 
elements : 
1855  Jan.  6'1  14h  38m.O  Paris  M.T.  +12'1  21*  46°  58  .3  E 
-Mr.  1217  .E2  —  0S.0000700  K 

which  are  probably  very  near  the  truth. 


DEFINITIVE   DISCUSSION   OF   OBSERVATIONS   OF    U  OPHIUCH1, 

By  EDWIN  F.  SAWYER. 


During  the  past  few  years  I  have  published,  on  various 
occasions,  the  results  of  my  observations  upon  this  star. 
These  results,  from  the  nature  of  the  case,  were  provisional. 
The  accumulation  of  observations  is  now  sufficiently  abun- 
dant, however,  to  warrant  the  undertaking  of  a  systematic 
reduction  of  the  whole  series,  which  comprise  1135  compari- 
sons, or  ."''-'7  observations  on  57  nights,  each  observation 
being  thus  based  on  an  average  of  2.1  comparisons.  The 
results  of  this  definitive  discussion  are  here  given.  The 
light-scale  was  formed  in  the  ordinary  manner,  using  all  the 
observations  from  1881  to  1887  inclusive.  After  adjust- 
ment of  small  outstanding  differences  between  the  indepen- 
dent equations,  the  following  light-scale  was  adopted  : 

Light  Light 

a  =  13.0  e  =      5.0 

b  =     8.9  f=  —1.5 

d  =8.5  g  =  —1.8 

The  places  for  these  stars  will  be  found  on  page  137,  Vol. 
VII,  of  the  Journal. 

With  this  scale  the  original  observations  were  reduced 
anew.  The  times  of  the  individual  observations  were  com- 
pared with  the  computed  times  of  the  nearest  minima,  em- 
ploying for  this  purpose  the  definitive  elements  given  by 
Chandler  on  page  139,  Vol.  VII.  The  data  were  then 
assembled  by  graphical  processes,  and  successive  approxi- 
mations, to  form  a  mean  adjusted  light-curve.  The  intervals 
between  points  of  equal  brightness  were  bisected,  and  an  in- 
tersecting curve  drawn  through  the  middle  points.  The  cor- 
rection to  the  computed  zero  of  minimum  thus  indicated  was 
— 10M.0.  The  readings  of  the  light-curve,  reckoning  from 
the  new  zero,  give' the  following  light-table  : 


Before  Minimum. 


\i  i  ik  Minimum. 


ll       ill 

h         in 

h           in 

h         in 

2     0 

8.35 

ii  :,:, 

1.68 

o     5 

1..S.S 

1    15 

1    55 

8.25 

50 

1.11 

in 

1.93 

20 

1    50 

8.09 

45 

3.65 

15 

2.03 

25 

1  45 

7.95 

40 

3.29 

20 

2.16 

30 

10 

7.76 

35 

2.90 

25 

2.31 

35 

35 

7.5:; 

30 

2. 02 

30 

2.41 

40 

30 

7.27 

25 

2.37 

:;.-, 

2.49 

15 

25 

6.95 

20 

2.17 

40 

2.66 

50 

20 

6.63 

15 

2.08 

45 

2.90 

.'i.'i 

15 

6.25 

10 

1.97 

50 

3.23 

2      0 

10 

5.88 

5 

1.90 

55 

■:,.<::, 

5 

5 

5.111 

0 

1.86 

1     0 

4  11 

10 

1      0 

5.07 

5 
10 

1.5  1 

L88 

15 
20 

5.23 
5. 5:  i 
5.99 
6.35 
6.66 
6.93 
7.13 

7,;;i 

7.52 
7.68 
7.86 
8.01 
8.17 
8.31 


In  order  to  compare  the  light-curve  with  that  found  by 
Mr.  Chandler  from  his  observations  (p.  138.  Vol.  VII). 
I  have  deemed  it  of  sufficient  interest  to  prepare  the  ac- 
companying representation  of  both.  They  are  superposed 
without  any  attempt  to  adjust  the  scales,  except  to  add  0.4 
of  a  step  to  my  values,  which  secures  a  sufficiently  good 
correspondence  to  admit  a  comparison  to  be  made.  The  de- 
crease of  light,  according  to  my  observations,  appears  to  be 
slightly  more  rapid  ;  the  curve  about  minimum  is  somewhat 
flatter;  and  the  retardation  after  minimum,  spoken  of  by 
Mr.  Chandler  (p.  138),  is  independently  shown,  at  the 
same  point  after  minimum,  but  is  decidedly  less  marked. 

The  times  of  minimum  for  the  whole  scries  were  now  cal- 
culated anew  by  means  of  the  final  light-curve,  by  Arge- 
LANDER's  method,  employing  the  weights  described  on  page 
132  :   with  the  appended  results: 


LIGHT  CURVE  OF  U   OPHIUCHI 


Chandler 


Sawyer 


-2 

h 

-1 

// 

i" 

+  ■>" 

v. 

S ^ 

S 

/  jS 

\ 

/  / 

\ 

/  / 

> 

\ 
\ 

; 

\ 

N^ 

/i 

6 

\    \ 
\  \ 

/ 1 
/  / 
/  / 

/  / 

/  / 

/  / 

\ 

'  / 

\\ 

\\ 

\  \ 
\  \ 
\  \ 

1 

\     \ 

\    \ 

/ 

\    \ 

/ 

\     \ 

/ 

\ 

/ 

J 

\ 

/ 

\     \ 

/         s 

^** 

X       \ 

/       / 

X             >v 

2 

I," 


&S2 
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Table  or  Observed  Minima. 


Epoch 

Observed  Minimum 
Camb.  M.T. 

Light 
Equat. 

YVt. 

O— C 

Epoch 

erred  Minimum 
Camb.  M.T. 

Light 
K,|iiat. 

Wt. 

O— C 

372 

L882   Mav    2.",' 

h         m 

in  28.1 

m 

+  7.5 

2 

m 

+    5.H 

1302 

1884  July    13     9 

m 

27.7 

m 

+  6.4 

3 

tl) 

—  6.1 

403 

June    20 

10  32.0 

+  7.5 

2 

+  1H.5 

1320 

28   11 

30.5 

+  5.1 

1 

—23.8 

4  22 

Julv      6 

8      10.2 

+  0.8 

3 

_    S.I, 

1383 

Sept.  19     - 

5.9 

—1.3 

4 

+    1.9 

428 

11 

9  44.4 

+  6.5 

1 

+    9.7 

1  108 

Oct.    in     7 

7.9 

—3.8 

2 

—  Hi.7 

434 

16 

10  18.8 

+  6.1 

3 

—   2.5 

1699 

1885  June   11     8 

31.6 

+  7.6 

2 

+    8.S 

446 

26 

12     5.5 

+  5.2 

1 

+  11.1 

1736 

July    12     9 

1.2 

+  6.4 

4 

—  6.9 

4.".:' 

Aug.     6 

9  33.8 

+  4.1 

4 

—  1.5 

1798 

Sept.     2     9 

10.7 

+  0.8 

4 

+    0.6 

465 

11 

in  26.6 

-3.:, 

4 

+   4.3 

1842 

»>«-t.      :i     6 

49.5 

—3.7 

3 

—  3.0 

490 

Sept.     1 

9  .",6.7 

+  1.0 

5 

—  0.2 

2157 

1886  June  SO  10 

52.7 

+  7.2 

3 

—  9.2 

503 

12 

7   14.8 

—0.4 

3 

—  3.5 

2182 

July    21    10 

17.5 

+  5.7 

2 

+   3.1 

812 

1—:'.   May    29 

10  37.2 

-7.:, 

5 

—  9.2 

222H 

Aug.  22     7 

7.6 

+  2.2 

1 

—  2.0 

843 

. I une   24 

l'i    14.5 

+  7.4 

5 

—  0.2 

222C, 

2  7     8 

24.0 

+  1.6 

X 

+  27.6 

-    . 

July    10 

9     '.mi 

+6.6 

4 

—   2.6 

2  25  7 

Sept.  22     7 

55.8 

—  1.7 

5 

—  1.9 

880 

2.". 

11    12.3 

+5.4 

4 

—19.1' 

227(1 

( let.      3     5 

28.7 

—3.11 

i 

—10.0 

-    - 

Aug.     4 

12  51.4 

+  4.3 

4 

—13.1 

2276 

*     6 

50.1 

—3.6 

2 

+  24.6 

893 

5 

:i     5.0 

+4.2 

•"' 

—  7.3 

2579 

1887  June  19     9 

2(1.7 

+  7.5 

1 

+  20.3 

- 

in 

9    42.9 

+  3.7 

5 

—  16.1 

2585 

24     9 

53.5 

+  7.4 

1 

+   6.9 

918 

26 

8     :..ii 

+  1.7 

4 

—22.0 

2616 

Julv    20     9 

34.8 

+  5..S 

2 

—  11.1 

924 

31 

9     0.3 

+  1.1 

5 

—13.5 

2647 

Ang.  15     9 

in. 9 

+  3.1 

3 

+  :;.i 

930 

Sept.    ■  < 

9  4ii.7 

+  0.5 

5 

—19.9 

2672 

Sept.    5     8 

.■,5.2 

-ii..-, 

5 

—  6.1 

949 

21 

-   28.3 

—1.6 

5 

—  (i.l 

21  78 

HI      '.i 

38.2 

—0.2 

3 

—   9.9 

1271 

L884  Juue  17 

:i  2:'. 4 

+  7.5 

5 

—  5.H 

2722 

Oct.     1 7     7 

26.8 

— 1.6 

5 

+  5.6 

1277 

■)■> 

in  :;n.9 

+  7.4 

2 

+  10.4 

2753 

Nov.   12     7 

30.5 

-6.7 

1 

+  1.1 

The  comparison  in  column  O — C  is  with  Mr.  Chahdli  r's 
definitive  element-.     The  yearly  mean--.  usinu;  the  indicated 


weights,  are: 

O- 

-c 

Mean 

Deflnitive 

<  Iriginal 

Epoch 

Elements 

Elements 

Wt 

442 

+    0.7 

28 

891 

—10.9 

—13.5 

51 

1327 

—  .■;.:, 

—  9.3 

17 

1  769 

—  1.3 

—11.8 

l:l 

2227 

+    1.8 

—  14.4 

14 

2656 

—  0.8 

—26.8 

21 

1552 


—    1.2 


—  12.2 


111 


I  have  added  the  difference  from  Mr.  Chandler's  original 
elements,  which  differ  from  his  definitive  elements  only  by 
the  term  depending  on  the  square  of  the  time,  as  shown  on 
page  133.     The  results  appear  to  confirm  the  existence  of 

Cambridgeport,  1888  July  6. 


that  term.  The  mean  correction  by  the  definitive  elements, 
it  will  be  seen,  is  — 4'". 2.  corresponding  to  the  mean  epoch 
1552.  This  i-  scarcely  half  the  value  independently  found 
graphically  from  the  light-curve  above,  but  it  should  i,e  en- 
title! to  the  preference. 

In  regard  to  the  prevalence  of  the  minus  sign  in  the  values 
(O — C)  for  1883,  I  have  already  mentioned  (Astron.  Nach. 
CVLLT,  409),  a  circumstance  which  seems  to  justify  the  sus- 
picion that  the  results  for  that  year  may  have  been  subject 
to  an  anomalous  influence.  Further  remarks  on  the  subject 
will  be  found  on  page  132  of  Vol.  VII  of  Astronomical 
Journal.  It  may  be  safer  to  omit  the  results  for  this  year, 
therefore,  in  taking  the  mean  :  doing  this  we  find  the  correc- 
tion to  the  definitive  elements  to  be  only  — 0'".5.  in  place  of 
—  4™. 2.  just  given. 


DETERMINATION   OF   THE   ORBIT 

By  FKAXK 
The  following  observations  were  omitted  in  preparing  the 
copy  for  the  printer,   and  the  omission  was  not  discovered 
until  too  late  to  insert  them  in  their  proper  place  on  p.  49. 

I  take  this  opportunity  of  acknowledging  the  receipt,  since 
the  completion  of  my  work,  of  observations  of  the  comet 
made  at  Vienna.  Nicolajew,  and  Cincinnati.  I  regret  the 
omission  of  these  observations,  and  had  hoped  that  my  re- 
quest published  in  the  A&tronomische  Nachrickten  of  June  8 
would  have  insured  their  earlier  publication. 
18^8  July  14. 
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IV:    ADDENDUM. 
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XOTE   OJsT   COMET   1888  a. 

By  LEWIS  BOSS. 


By  ;i  ring-micrometer  observation  of  comet  1888  a  which  I 

obtained  July  28,  al    15h.9  corrected    Greenwich   time,  the 

correction  to  the  ephemeris  in  No.  173  {A.J.)  was 

Aa  =  — 10B.4;  Jfi=  +13". 

Though  the  comet  was  then  extremely  faint,  and  merely  a 

ik  of  nebulosity,  without  a  well  defined  head,  I  consider 


il  possible  that  it  may  be  followed  perhaps  beyond  August 
1  1.  the  date  with  which  the  ephemeris  in  No.  173  closes.  I 
therefore  enclose  an  extension  of  that  ephemeris,  computed 
at  my  request  by  Prof.  C.  W.  Crockett,  of  Troy.  N.Y.. 
who  is  temporarily  pursuing  his  studies  at  this  Observatory. 


1838 


Aug. 


Sept. 


EPHEMERIS    OF    COMET    1888  a, 


Continued  prom  No.  173 

BY  C.  W.  CROCKETT. 
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ENCKE'S   COMET,   1888  5, 

A  Science   Observer  dispatch  received  August  5,  from  Capetown,  through    Kiel,  announces  the  finding  of  Encke's 
comet  in  the  following  position  : 

1888  August  3.2571  Greenwich  M.T.         a  =  12h  12"'  53. 5         8  =  —17    27    19 
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MICROMETER   OBSERVATIONS   OF   THE   SATELLITES   OF   MAES, 

By  JAMES  E.  KEELER,  ASTRONOMER  <>v  the  Lick  Observatory. 


[Communicated 

The  observations  recorded  below  were  made  with  the 
36-inch  equatorial  during  the  opposition  of  Mars  in  1888, 
when  the  Observatory  was  still  in  the  hands  of  the  Lick 
Trustees,  on  such  occasions  as  the  work  of  construction 
would  allow.  The  telescope  had  been  erected  but  a  few 
months  before,  no  adjustments  had  been  made,  and  it 
was  used  in  the  condition  in  which  it  had  been  left  by 
the  builders.*  The  machinery  for  operating  the  hydraulic 
floor  was  being'  put  into  place,  and  it  was  only  when  tin- 
floor  could  be  left  at  night  near  the  top  of  its  range  that 
observations  were  possible.  Under  these  circumstances  a 
systematic  arrangement  of  the  observations,  or  the  follow- 
ing of  any  prearranged  method,  was  entirely  out  of  the 
question. 

The  first  opportunity  which  occurred  for  looking  for  the 
satellites  was  on  the  night  of  April  5,  when  they  were  easily 
seen.  On  the  9th,  a  magnificent  night,  they  were  bright 
objects,  being  easily  visible  in  the  same  field  with  Mars, 
even  without  an  occulting  bar  to  hide  the  planet.  On  this 
night  I  made  a  few  measurements  of  position  angles,  and 
searched  very  carefully  for  other  satellites,  but  without  suc- 
cess. After  this,  observations  were  made  at  irregular  inter- 
vals until  April  28,  when  they  had  to  be  entirely  discontinued, 
as  the  work  on  the  elevating  floor  prevented  any  further  use 
of  the  telescope. 

After  the  completion  of  the  Observatory  and  its  transfer 
to  the  state,  the  satellites  had  become  too  faint  for  satis- 
factory observations.  Phobos  was  fairly  well  seen  on  June 
4.  Both  satellites  were  seen  on  June  7,  but  hardly  well 
enough  for  measurement.  Deimos  was  seen  with  difficulty 
on  June  17  by  Professor  Holden,  Mr.  Barnard  and  myself, 
and  although  it  might  have  been  possible  to  follow  the  satel- 
lites for  some  time  further,  measurement  was  out  of  the 
question,  and  they  were  no  longer  looked  for.     Phobos  was 

♦Subsequent  determinations  of  the  position  of  the  polar  axis 
show  that  at  this  time  it  was  5'  too  low,  and  20s  west  of  north. 


by  the  Director] 

seen  on  July  18  by  Professor  Holden,  while  examining  the 
surface  of  Mars. 

The  micrometer  used  in  these  measurements  is  a  large  and 
perfect  instrument  by  Fauth  &  Co.  It  has  a  position  circle 
11  inches  in  diameter,  read  by  two  verniers  to  0°.01,  but 
only  one  of  the  verniers  was  read,  as  the  eccentricity  is 
quite  inappreciable.  The  box  contains  three  fixed  and  two 
movable  threads,  illuminated  at  night  by  a  small  incan- 
descent electric  lamp.  No  illumination  was  required  for 
measurements  of  Phobos,  as  that  satellite  is  always  seen 
upon  the  sufficiently  bright  background  of  the  secondary 
spectrum  of  Mars,  but  the  light  had  to  be  used  for  Deimos 
when  more  than  two  diameters  of  the  planet  distant,  and 
proved  to  be  entirely  satisfactory. 

An  occulting  bar,  consisting  of  a  thin  slip  of  glass  one- 
tenth  of  an  inch  wide,  lightly  smoked  on  the  side  toward 
the  object-glass,  was  placed  across  the  field  of  the  eye-piece, 
with  the  smoked  surface  just  clear  of  the  micrometer  wires. 
Through  this  bar  the  planet  could  be  seen  very  distinctly, 
while  the  satellites  appeared  in  the  clear  space  outside.  The 
width  of  the  bar  in  angular  measure  was  30". 5,  or  about  twice 
the  apparent  diameter  of  Mars. 

One  of  the  movable  threads  was  used  in  the  measurement 
of  position  angles. 

The  observations  of  April  9  were  made  with  a  small 
micrometer  belonging  to  the  12-inch  equatorial,  provided 
with  an  occulting  bar  but  no  threads,  the  edge  of  the  bar 
being  placed  by  estimation  at  right-angles  to  the  line  joining 
the  satellite  and  center  of  the  planet.  These  observations 
appear  to  lie  nearly  equal  in  accuracy  to  those  made  with 
the  more  complete  apparatus  afterward  used,  and  have  con- 
sequently been  included  in  the  record.  The  power  used  in 
all  observations  was  about  600. 

A  provisional  value  of  the  micrometer  screw,  sufficiently 
accurate  for  the  reduction  of  these  observations,  was  deter- 
mined by  transits  of  polar  stars  over  the  three  fixed  threads. 
The  results  are  given  below. 
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June  20,  1888.       9  transits  of  0  Urs.  Mm.  (weight  3),  1  rev.  =  9.908 

21,       "        10         "           f  Urs.  Mia.         "4  =  9.883 

21,      "         4         "           e  Urs.  Mm.         "3  =  9.898 

July     2,       "        13         "           ?  Urs.  Mm.         "       5  =9.910 

2.       "          6         "           e  Urs.  Min.         "       5  =  9.906 

Mean  bv  weights,   1  rev.  =  9". 902. 


Both  telescope  tube  and  micrometer  screw  being  of  steel, 
there  is  no  correction  for  temperature  large  enough  to  affect 
these  measurements. 

The  brightness  of  Mars  at  different  times  is  given  in  the 
following  table,  the  unit  being  the  brightness  at  mean  oppo- 
sition as  defined  by  Zollner,  that  is,  an  opposition  when 


both  Mars  and  the  earth  are  at  their  mean  distances  from 
the  sun,  and  in  a  straight  line  passing  through  the  sun's 
center.  In  applying  the  correction  for  phase,  the  diminu- 
tion of  brightness  is  assumed  to  be  represented  simply  by 
the  ratio  of  the  unilluminated  portion  to  the  total  area  of  the 
disc. 


Brightness  of  Mars  at  Different  Times. 


Date 

Remarks 

Brightness 

1877,  Aug.  11 

Satellites  discovered  bv  Prof.  Hall,  at  Washington 

1.91 

1877,  Sept.   5 
1879,  Nov.  12 
1888,  Apr.    5 

Opposition 
( Ipposition 

Satellites  first  observed  at  Lick  Observatory 

2.31 
L.22 

0.62 

1888,  Apr.  10 
1888,  June    4 

Opposition 

Phobos  seen  at  Lick  Observatory 

0.66 
0.40 

1888, June    7 

Both  satellites  seen  at  Lick  Observatory 

0.38 

1888,  June  19 

Deimos  last  seen  at  Lick  Observatory 

0.32 

1888,  July  18 

Phobos  last  seen  at  Lick  Observatory 

0.22 

1890,  May  27 

Opposition 

1.15 

An  interesting  phenomenon,  but  one  of  which  ouly  a  few 
rough  observations  could  be  made,  is  the  variation  in  the 
relative  brightness  of  the  satellites  in  different  parts  of  their 
orbits.  Professor  Pickering*  makes  Deimos  one-half  magni- 
tude brighter  on  the  following  thau  on  the  preceding  side  of 
Mars,  and  the  few  estimates  which  I  have  made  are  roughly 
in  agreement  with  his  measurements. 

The  markings  on  the  surface  of  Mars  were  beautifully  seen 
during  the  mouth  of  April,  but  I  could  make  no  drawings 
without  neglecting  the  work  already  begun,  and  as  much  bet- 
ter opportunities  in  every  respect  will  be  afforded  by  the  op- 
positions of  1890  and  1892,  I  made  no  observations  worthy 
of  preservation. 

Micrometric  Observations.! 
April  9,  1888. 
Night  still  and  clear;  satellites  very  distinct  and  bright, 
inch  without  hiding  the  planet.     They  were  also  well  seen 
with  the  12-inch  equatorial. 

The  time  was  recorded  by  chronometer  Negus  1719  to  the 

*  Annals  of  Harvard  College  Observatory  XI,  part  I,  Appendix  F. 

t  As  this  is  the  first  work  ever  done  with  the  great  telescope,  the 

results  have  been  given  in  greater  detail  than  absolutely  necessary. 


nearest  5s.      (Pacific  Standard  Time  is  eight  hours   slower 
than  Greenwich  Mean  Time.) 

Position  Angles  of  Phobos. 


Pacific  Time 

Posit.  Angle 

Remarks 

13   21   30 

107.9 

(lark  Micrometer  used  this 

13  24  10 

110.4 

night. 

13  26     0 

111.1 

13  27  30 

110.8 

13  31     5 

114.4 

13  33  10 

113.9 

13  36  30 

116.7 

13  47  30 

119.6 

14     6  30 

127.3 

14     8     0 

126.1 

13h 

45m.     Parallel  =  229°.5  (2  obs.) 

April  10,  1888. 

Night  warm  ;  considerable  wind  blowing.  Definition  worse 
than  on  the  9th  and  satellites  not  nearly  so  distinct.  The 
images  were  unsteady  and  measures  difficult. 

After  midnight  the  definition  improved  somewhat,  as  the 
wind  died  away. 
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Position  Angles  of  Phobos. 

Pacific  Time 

Posit.  Angle 

Remarks 

h         m        s 

o 

13     3     0 

124.66 

Fauth  Micrometer  used  on  this 

13     7  15 

126.08 

and  all  succeeding  nights 

13     9     0 

126.66 

13  12     0 

128.18 

13  14  20 

128.93 

13  17     0 

129.18 

13  19  20 

130.06 

13h  29'".     Parallel  =  289°.36  (3  obs.) 

1)1  LMETER    OF    Ma  IS. 


Pacific  Time 

Diameter 

Remarks 

h        in 

13  37 

15.56 
15.60 
15.69 

Measured  through  the  occulting 
bar.     Edges  of  disc  undulat- 
ing considerably 

DlSTAN 

ce  of  Phobos. 

Pacific  Time 

Distance 

Remarks 

h         in        s 

13  44  50 

13  58  40 

19.43 

17.96 

From  center  of  Mais 

Distance  of  Deimos. 

Pacific  Time 

Distance 

Remarks 

h        m       a 

14     7  45 
14  22     0 

34.40 
36.64 

From  center  of  Mars 

Position  Angles  of  Deimos. 

Pacific  Time 

Posit.  Angle 

Remarks 

h        m       s 

14  11     0 
14  13  20 
14  17     0 

99.01 
97.98 
99.56 

April  11,  1888. 
Night  almost  calm,  with  very  slight  breeze  from  the  south. 
Definition  excellent.  The  sky  was  slightly  hazy,  but  the 
satellites  were  bright  enough  to  be  seen  without  the  occult- 
ing bar,  in  the  same  field  with  the  planet.  The  bar  had  been 
resmoked  to  a  somewhat  lighter  shade. 

Position  Angles  of  Phobos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h       m         a 

0 

11   27  25 

115.29 

All  these  measures 

seemed  to 

11  31  55 

116.88 

be  good 

11  34  50 

118.48 

11   37  25 

118.17 

11   40   15 

119.16 

11  43  35 

120.30 

Position  Angles  of  Phobos.  —  Continued. 


Pacific  Time 

Posit.  Angle 

Remarks 

h       m       s 

o 

11  46  40 

121.40 

12     1  35 

125.94 

12     4  40 

127.52 

12     6  25 

127.76 

12     8  40 

128.34 

12  12     0 

129.37 

12  17   15 

131.01 

12   19     0 

131.16 

llh  53'".     Parallel  =  289°. 29  (3  obs.) 
Distance  of  Phobos. 


Pacific  Time 

Distance 

Remarks 

h       in       s 

12  25     0 
12  29   15 
12  34  30 
12  37     0 

28.87 
11.91 
28.02 
11.38 

From  W  limb  of  Mars 
"      E         "         " 

u      y,         "         " 

Distance  of  Deimos. 


Pacific  Time 

Distance 

Remarks 

h            11!            S 

12  42  40 

46.86 

To  center  of  Mars.     Wire  on 
Deimos  dim 

Position  Angle  of  Line  joining  Deimos  and  Phobos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h        m        s 

12  52  40 

140?52 

Position  Angles  of  Phobos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h       m       s 

12  55  50 

142^59 

12  58     0 

143.37 

13     0  40 

145.29 

13     4  40 

146.86 

13     7  30 

149.93 

13   11  40 

153.25 

Very  close  to  limb 

13   17  45 

194.30 

(  Position-angle  of  tang,  to  E  limb  of 
\     Mars  passing  through  satellite 

13  22  20 

197.96 

13h  35m.     Parallel  =  289°.39  (3  obs.) 
Position  Angles  of  Deimos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h        m        b 

13  49  25 

328.66 

13  54  25 

328.56 

13  57  30 

329.38 

14     1    10 

330.97 

14     5  50 

331.07 

14     8  25 

331.38 

14   12  45 

331.99 
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Distance  of  Dehnos. 

Pacific  Time 

Distance 

Remarks 

h        me 

14  20  25 

14  24     5 

36f.04 
36.33 

From  center  of  Mars.  Wire  dim 
at  both  observations 

14"  33m.     Parallel  =  289°.38  (3  obs.  | 
Temp.  =  60°  Fab. 


April  12,  1888. 

Night  nearly  calm,  very  light  breeze  from  N.W.  Defi- 
nition good,  about  the  same  as  last  night  and  observations  of 
about  the  same  weight. 

In  measurements  of  Deimos  the  bright  wire  illumination 
by  electric  lamp  was  used  for  the  first  time. 

Distance  of  Phobos. 


Position  Angles  of  D> 


Pacific  Time 

Distance 

Remarks 

h       m       s 

ti 

11   15  10 

20. 7  2 

All  from  center  of  Mars 

11   17  45 

20.41 

11   19  25 

20.46 

11   23  20 

19.79 

11   25  45 

19.72 

11   28     5 

19.84 

11   29  50 

19.46 

11  31   15 

19.42 

11  33  25 

19.25 

11   39  25 

18.61 

From  center 

11   42  45 

10.58 

From  E  limb  of  Mars 

11   44  25 

26.:;  1 

..          W        tt 

11  47     5 

10.08 

11           J£          ..                  It 

11  49  50 

25.00 

ti      "^y     cc          .i 

12h9m.     Parallel  =  289°.41  (3  obs.) 
Position  Angles  of  Phobos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h         m        b 

12  20  50 

163.14 

Very  close  to  limb  ;  difficult. 

Distance  <>f   Ihimos. 


Pacific  Time 

Distance 

Remarks 

h         in        s 

// 

12  30  40 

49.73 

From  E  limb  of  Mars. 

12  33  40 

33.93 

••     W    "             " 

12    11   50 

50.86 

"     E     ••             " 

12  44     5 

35.08 

<i      ~\y     u 

12  51   30 

52.11 

..       E      ..                u 

13     0     5 

36.74 

it     ■yy    (i              . . 

13     3  35 

44.72 

All  from  center  of  Mars 

and 

13     5  45 

4.";.  26 

considered  good. 

13     8     5 

45.84 

13  12  10 

45.93 

13  15  20 

46.16 

13  17     5 

46.53 

13  21  20 

46.71 

Pacific  Time 

Posit.  Angle 

Remarks 

h         in        s 

0 

13  25  10 

292.17 

13  27     5 

292.11 

13  30  10 

292.01 

13  31  40 

292.30 

13  35  55 

293.12 

13  38  50 

292.96 

l.)h  45™.     Parallel  =  289°.30  (3  obs.) 
Position  Angles  of  Phobos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h         in        s 

13  57  25 

13  59  30 

14  0  35 
14     3     5 

288?66 
289.19 

289.41 
290.45 

Temperature,  62"  Fah. 


April  13,  1888. 
Night  much  inferior  to  the  last  two,  and  considerable  wind 
blowing.  All  measures  were  made  on  Deimos,  which  could 
not  always  be  steadily  seen.  After  1  A.M.  the  definition 
became  so  bad  that  observation  was  discontinued.  No  illu- 
miuation  was  used. 

11"  58m.     Parallel  =  289°.33  (3  obs.) 

Position  Angles  of  Deimos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h         m        s 

o 

12  18  50 

159.41 

12  20  55 

160.98 

12   23  40 

160.58 

12  26   15 

161.98 

12  31   50 

162.94 

12  41   10 

165.52 

12  44   25 

166.31 

Distance  <>f  Deimos. 


Pacific  Time 

Distance 

Remarks 

h       m       s 

n 

12  53  10 

27.08 

12  57  35 

26.62 

13     0  15 

26.7:'. 

13      1   25 

25.80 

13     7  45 

25.40 

Temperature,  63°  Fah. 


April  15,  1888. 
Night  clear,  but  windy,  and  definition  only  occasionally/ 
good.  Measures  were  not  beguu  until  after  miduight.  Pho- 
bos, near  western  elongation,  was  surprisingly  bright,  but 
Deimos  was  dim,  and  the  measurements  of  his  distance  were 
difficult. 
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Distance  of  Phobos. 


Pacific  Time 

Distance 

Remarks 

h       m       s 

n 

12  21  45 

18.51 

All  to  center  of  Mars 

12  23  35 

18.90 

12  30     0 

18.57 

12  32     5 

18.29 

12  35     0 

17.78 

12  37  35 

17.20 

12  40  15 

16.91 

12  42  30 

16.71 

12  43  45 

16.23 

12  45  20 

15.86 

Distance  of  Deimos. 

Pacific  Time 

Distance 

Remarks 

12  57  40 

13  1  45 
13  11  40 

21.75 
22.05 
22.66 

All  to  center  of  Mars 

Faint 

Probably  bad 

April  19,  1888. 
Night  clear,  but  windy.     Satellites   bright,  but  blurring 
badly  every  few  seconds,  so  that  measures  were  somewhat 
difficult.     The  wind  blowing  directly  into  the  slit  disturbed 
the  telescope. 

Distance  op  Phobos. 


Pacific  Time 

Distance 

Remarks 

h        m       a 

11     3  50 

12-81 

All  from  E  limb  of  Mars 

11     6  30 

13-04 

On  account  of  frequent  blurring 

11     8  15 

13-06 

of  the  imaa;e,   it  was  found 

11     9  30 

12-64 

better  to  measure   from  the 

11   11   15 

12.78 

center 

11    12  50 

20-40 

From  center  of  Mars 

11   20  45 

20.42 

All  from  center 

11   24  10 

20.33 

11  25  55 

20.45 

11   29  25 

20.59 

11   30  55 

20.24 

11  32  30 

20.19 

11  36  10 

19.82 

11   29  20 

20.02 

11  41  55 

19.68 

Position  Angles  op  Phobos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h         m        a 

o 

11  51  25 

135.03 

11  53  30 

135.54 

11  57     0 

137.61 

12     0  25 

137.94 

12     3  10 

139.09 

12  18  10 

145.79 

12  20  30 

146.93 

12  23  20 

149.31 

12  25     5 

151.93 

12  27  35 

151.76 

Position  Angles  of  Phobos.  —  Continued. 


Pacific  Time 

Posit.  Angle 

Remarks 

h       in       a 

12   29   50 
12  3-_>  35 
12  35   15 
12  39  30 

153^08 
155.40 
157.88 
161.41 

Very  close  to  limb. 

12h  9m.     Parallel  =  289°.34  (2  obs.) 
Temperature,  62°  Fall. 


April  20,  1888. 

Night  not  very  clear,  with  haze  around  horizon,  but  calm, 
and  definition  up  to  midnight  excellent.  The  wind  rose  from 
the  southward  at  that  time,  and  the  definition  grew  rapidly 
worse. 

At  1 11'  Phobos,  east  of  Mars,  was  very  bright,  but  Deimos, 
on  the  north,  was  remarkably  dim.  At  12h  30'",  on  account 
of  bad  definition  and  moonlight  striking  the  object-ghiss, 
Deimos  could  not  be  seen. 

Position  Angles  of  Phobos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h       m       a 

0 

10  47  45 

134.57 

10  4D  30 

135.45 

10  51  40 

136.91 

10  53    in 

137.10 

10  55     0 

137.39 

10  57  15 

138.13 

10  59  20 

138.86 

11      1  30 

139.53 

11     4     5 

141.19 

11     6  .".o 

1  11.91 

11     8  40 

142.18 

11   11     0 

143.39 

11    13     5 

144.22 

11    14  40 

145.36 

11    17  50 

146.56 

11    19  35 

ll.s. 74 

11   21   40 

1  18.81 

11    24   10 

151.16 

11    27  25 

153.73 

11    29     ■"' 

155.21 

1 1"  40'".     Parallel  =  289°. 31  (3  obs.) 
Position  Angles  of  Deimos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h        m-      a 

11   49   15 
11    52  45 

1 1  55   25 

12  0  25 

° 

356.41 

359.05 

359.05 

2.31 

Dim 
Very  dim 

Temperature  60°  Fall. 
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April  21,  1888. 
High  wind  and  poor  definition.     Deimos,  near  west  elon- 
gation,  was  surprisingly  bright.     Phobos  was  not  seen,  being 
too  close  to  the  planet.     No  measurements  were  made. 


April  28,  1888. 

Night  clear,  but  definition  only  fair,  and  wind  blowing  in- 
to the  slit. 

Deimos  at  east  elongation  was  apparently  as  bright  as 
Phobos. 

Position  Angles  of  Phobos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h         m       s 

o 

in   11  50 

150.88 

10  43  40 

151.17 

10  47  40 

154.91 

10  49     0 

156.19 

10  51     5 

157.06 

10  54  35 

1G1.54 

10  56     5 

163.88 

llh  0'".     Parallel  =  289°.36  (2  obs.) 


Position  Angles  of  Deimos. 


Pacific  Time 

Posit.  Angle 

Remarks 

h        m       a 

o 

11   14  40 

127.06 

11    18     5 

127.58 

11   20     5 

127.56 

11  22     5 

127.52 

11  25  25 

127.17 

Temperature,  63°  Fab.. 


As  there  appears  to  be  no  systematic  change  in  the  read- 
ing of  the  position  circle  at  different  hour-angles,  the  mean 
of  all  determinations  of  a  parallel,  289°. 34,  has  been  taken 
in  reducing  the  position  angles. 

Assuming  the  elements  of  the  apparent  orbits  given  by 
Mr.  Marth,*  a  preliminary  reduction  of  the  above  obser- 
vations gives  the  following  corrections  to  the  times  of  elon- 
gation of  the  satellites. 

Corrections  to  Marth's  Ephemeris. 
Phobos     +0''.427 
Deimos    +0  .020 

Comparison  with  page  452  of  the  American  Ephemeris 
and  Nautical  Almanac  for  1888  gives  the  following  approxi- 
mate corrections  to  the  times  of  elongation  : 

Corrections  to  the  American  Ephemeris. 
Phobos     — 0h.33 
Deimos    +0  .35 

Phobos  could  be  seen  with  the  36-inch  refractor  on  a  good 
night  when  only  one-fifth  of  a  diameter  of  Mars  distant  from 
the  edge  of  his  disc,  and  could  be  readily  seen  at  a  distance 
of  one-fourth  of  a  diameter.  In  1890  Phobos  will  emerge 
from  the  shadow  of  Mars  at  this  apparent  distance  only  nine 
or  ten  days  after  opposition,  so  that  the  phenomenon  ought 
to  be  visible  here  without  difficulty.  Unfortunately  the  im- 
mersion before  opposition  takes  place  at  too  short  a  distance 
from  the  planet.  It  is  probable  that  the  most  accurate  de- 
termination of  the  motions  of  the  satellites  will  finally  be 
obtained  in  this  way,  and  the  observations  would  be  facili- 
tated by  the  prediction  of  such  eclipses  as  we  might  reason- 
ably expect  to  see  under  the  above  conditions. 

*  Monthly  Notices  of  the  Royal  Astronomical  Society,  Vol.  XLVIII. 
No.  3. 


1888  July  30. 


THE   SATELLITE   OF   NEPTUNE, 

By  A.   HALL. 


I  wish  to  call  the  attention  of  astronomers  to  the  orbits  of 
this  satellite  that  have  been  computed  from  the  observations 
of  different  observers.  Referred  to  the  orbit  of  Neptune, 
the  longitude  of  the  node  and  the  inclination  of  the  orbit  of 
the  satellite  are  given  by  Mr.  Mauth  as  follows  : 


( il .server. 

Date 

n 

i 

Lassell 

1852 

176.20 

148.33 

Lassell  and  Marth 

1864 

180.41 

146.19 

Newcomb 

1874 

182. .V.i 

144.04 

Hall 

1883 

184.31 

142.38 

This  is  a  singular  result,  showing  such  large  and  regular 
variations   of  the  node  and  inclination  with  respect  to  the 

Washington,  1888  July  30. 


time.  There  are  apparently  no  known  forces  that  can  pro- 
duce these  changes,  and  I  am  iucliued  to  think  they  must  be 
caused  by  systematic  errors  in  the  observations.  But  the 
matter  is  worthy  of  investigation.  The  apparent  orbit  of 
this  satellite  has  been  very  eccentric,  but  it  is  uow  opening, 
and  the  large  telescopes  will  be  able  to  observe  the  satellite 
in  all  parts  of  its  orbit  with  ease. 

As  the  last  orbit  depends  on  my  own  work,  it  would  be 
better  for  some  other  observer  to  make  a  new  determination. 

Neptune  comes  into  opposition  about  the  middle  of  Novem- 
ber, and  will  be  well  situated  for  observation  at  northern  ob- 
servatories. 
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FILAR-MICROMETER  OBSERVATIONS   OF   COMET   1888  c    (BROOKS), 

MADE   AT   THE   DUDLEY   OBSERVATORY, 

By  LEWIS  BOSS. 


1588  Albany  M.T. 

* 

No. 

(  'nllip. 

Ja 

-* 

z/8 

^'s  apparent 
a                            8 

logpA 

for  a             ford 

d        h       in         s 

Aug. 10   10   10  10 
14     8  33  31 
16     8  25   15 
19     8  32     2 

1 
2 
3 
4 

9  ,  3 

6  ,  2 

15  ,  5 

21  ,  7 

ni        s 

+  5  40.66 
+  7  38.70 
+  1     0.60 
—2  59.13 

I         n 

+  5      1.2 
+  1   43.3 
+  4  53.2 
+  0  58.6 

h       in 

10  31   28.59 

11  2     3.27 
11    17  40.55 
11   41    12.76 

+  44  50  30.5 
+  44  32  29.8 
+  44  10  45.8 
+  43  21  44.6 

9.540 
9.766 
9.771 
9.768 

0.873 
0.746 
0.723 
0.776 

Mean  Places 

for  1.888.0  q, 

f  Cow/pa 

rison-  Stars. 

* 

a 

Red.  to 
app.  place 

S 

Red.  to 
app.  place 

Authority 

1 
2 
3 
4 

h          in         s 

10  25  48.72 

10  54  25.35 

11  16  40.68 
11   44  12.54 

8 

—.79 
.78 
.73 

—.65 

+  44  45  28.0 
44  30  44.2 
44     5  49.4 

+  43  20  44.2 

ii 
+  1.3 
2.3 
3.2 

+  1.8 

Radcliffe  ('45)  2509 
Radcliffe  ('45)  2603 
56  Ursae  Major! s 
Bessel  2.461  (Weisse  836) 

NOTES. 


August  10.  The  comet  is  small  and  condensed,  and  with  low 
powers  has  the  effective  brightness  of  a  star  of  ninth  magnitude. 
There  is  a  short  tail,  estimated  length  10',  in  position  angle  270°, 
approximately,  and  of  the  same  breadth  as  the  head.  The  head  is 
round  and  centrally  condensed,  and  of  an  outside  diameter  of  per- 
haps 45".  Even  at  this  low  altitude  (7°)  it  is  not  a  very  difficult 
object  with  Mar-micrometer. 


August  14.  Comet  very  faint  and  difficult  to  observe,  on  account 
of  haze  and  moonlight. 

August  16.  Comet  quite  faint.  Appears  as  a  rather  condensed, 
round  nebulosity  of  30"  diameter.  Moonlight  and  light  haze.  The 
comparisons  should  be  good,  however. 

August  19.  Sky  perfectly  clear.  Comet  appears  as  of  the 
eleventh  magnitude,  in  bright  moonlight.  Bessel— Lalande  :  —".81 
and  — 2".l     J«  and  Jd  good,  for  $?—  *  ,  good, 


THE   APPEARANCE 

By  A 
On  account  of  the  interesting  discovery  of  canals  on  the 
surface  of  Mars  the  disk  of  the  planet  was  carefully  observed 
during  the  month  of  June.  These  observations  were  begun 
in  the  twilight,  and  were  continued  for  some  time  on  eight- 
een nights,  from  June  1  to  July  2,  inclusive.  While  ob- 
serving the  satellites  in  April,  attempts  were  made  on  several 
nights  to  see  these  canals,  but  without  success,  and  I  de- 
termined to  make  the  trial  in  twilight,  when  I  have  been  able 
to  see  more  detail  on  the  surfaces  of  planets.  However,  I 
1888  August  14.  


OF  MARS,  JUNE   1888, 

HALL. 

was  not  able  to  see  anything  like  the  regular  canals  drawn 
by  European  observers,  although  the  usual  reddish  and  dark 
spots  and  markings  were  visible  nearly  every  night.  The 
only  remarkable  change  which  I  noticed  during  June  was  the 
diminution  in  the  size  of  the  white  spot  at  the  south  pole  of 
the  planet.  On  June  1  the  spots  at  the  poles  were  a  good 
deal  extended,  but  on  July  2  the  one  at  the  south  pole  had 
become  very  small  and  round. 


1888  Washington  M.T. 


OBSERVATION   OF   COMET   1888  c, 

MADE  AT  THE  U.  S.  NAVAL  OBSERVATORY  WITH  THE  9.G-INCH  EQUATORIAL 

By  Prof.  EDGAR  FRISBY. 

[Communicated  by  the  Superintendent.] 

#  —  *  c#'s  apparent 

Ja  J8 

n      s  I  II 

+  7  20.3 


Comp. 


log  pA 

for  a  for  A 


Aug.  11  9  eV      14  ,  3        -1  4.81 


a  8 

10h38'"54.36         +44°  48  59.9      9^758      0.791 


Mean  Place  for  1888.0  of  Comparison- Star. 

Red.  to  cv  Red.  to  .    ..      .. 

a  app.  place  8  app.  place  Authority 

h         m         s  s  a         f  tl  '! 

10  39  59.05         —0.78         +44  41  35.6  +4.0         Radcliffe  2554 
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NEAY    COMET,    1888  c   {BROOKS,  August  7>. 
A  comet  was  discovered  by  W.  R.  Brooks,  at  Geneva,  N.Y.,  ou  August  7,  in  the  approximate  position 


August  7'1  8h  l.V"  Washington  M.T. 


a  =  10" 


8  =  +  44°  30' 


Motion  slow  easterly.     It  was  described  as  rather  bright,  with  a  short  tail. 


FA  YES   COMET,   1888  d. 

A  dispatch  received  from  Kiel,  August  10,  announces  that  Faye's  comet  has  been  observed  at  Nice  in  the  following 
position  : 


1888  August  9.6183  Greenwich  M.T.         a  =  5h  0™  278.6 
Daily  motion,  +2'"  44%  south  2'. 


8=  +20°0'42" 


ELEMEXTS  AND   EPHEMEEIS   OF   COMET   1888  c   (brooks), 


By  LEWIS  BOSS. 


From  Albany  observations  of  August  10,  14  and  19,  I 
have  computed  the  following  elements  of  comet  1888  c. 
The  times  were  first  corrected  for  aberration,  and  the  po- 
sitions (reduced  to  1888.0)  for  parallax,  by  the  aid  of  ele- 
ments not  differing  greatly  from  these. 

T  —  1888  July  30.2500  Greenwich  M.T. 
w  =      57°  49'  22"  ' 


Q,  = 


12") 

17     -  lc 


i 


log  q 


101       5   47    [-  1888.0 

74       3    37    \ 
9.95424 


The  middle  place  gave  these  differences  (C — O)  :  -U  cos 
fj,  — 5"  :  .  /,'i.  +4".  The  position  of  August  19  depends  upon 
a  star  place  from  Bessel's  zones  ;  but  since  this  comet  can 
only  be  observed  with  great  difficulty,  if  at  all,  after  the 
September  moon,  it  appeared  advisable  to  publish  an  ephem- 
eris  promptly,  rather  than  to  wait  for  the  chance  of  a  pos- 
sibly more  accurate  position.  The  increasingly  favorable 
position  of  the  comet  for  observation  will  probably  compen- 
sate to  a  great  extent  for  the  loss  of  intrinsic  brightness. 

Dudley  Observatory,  1888  August  20. 


The  equations  of  the  heliocentric  coordinates  are  : 
x  =    r  [9.521)04]  sin(w+273°  21'  20") 
?/  =  r  [9.99920]  sin(v+173    24  58  ) 
2  =   /•  [9.97567]  sin(i>  +   82    13   58  ) 

Ephemeris  for  Greenwich  Midnight. 


Aug. 


Sept. 


38 

A  pp. 

t 

App.  8 

log  A 

Light 

23.5 

12 

11 

23 

+  41  49.1 

0.1846 

0.93 

25.5 

12 

26 

11 

40  50.5 

0.1839 

27.5 

12 

40 

32 

39  45.0 

0.1839 

0.87 

29.5 

12 

54 

24 

38  33.3 

0.1846 

31.5 

13 

7 

4.". 

37  16.1 

0.1859 

0.81 

2.5 

13 

20 

33 

35  54.2 

(».1880 

4.5 

13 

32 

19 

34  28.5 

0.1906 

0.73 

6.5 

13 

14 

32 

32  59.9 

0.1939 

8.5 

13 

55 

43 

31  29.1 

0.1978 

0.66 

10.5 

14 

6 

22 

29  56.8 

0.2022 

12.5 

14 

16 

31 

28  23.8 

0.2072 

0.59 

14.5 

14 

26 

12 

26  50.3 

0.2127 

16.5 

14 

35 

25 

25  17.8 

0.2186 

0.52 

18.5 

14 

44 

12 

23  45.8 

0.2250 

20.5 

14 

52 

35 

22  15.3 

0.2317 

0.45 

The  unit  of  light  is  the  brightness  ou  August  10. 
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CATALOGUE   OF   VARIABLE   STARS, 


By  S.  C.  CHANDLER. 


Thirteen  years  have  passed  since  the  appearance  of  Schon- 
Peld's  Second  Catalogue  of  Variable  Stars.  A  work  that 
shall  represent  the  knowledge  of  to-day  as  that  did  the 
knowledge  of  its  date  is  an  urgent  need  of  this  branch  of 
astronomy.  The  attainment  of  the  same  thoroughness  of 
construction  as  for  the  catalogue  of  1875  would  require  that 
it  should  emanate  from  the  same  hand  :  for  any  other  to 
undertake  the -task  miglit  seem  presumptuous,  were  the  need 
not  so  immediate.  I  shall  not  apologize,  therefore,  for  the 
attempt  to  meet  the  emergency  partially,  by  the  present 
catalogue,  premising  that  it  is  to  be  regarded  as  a  preliminary 
publication,  the  defects  of  which  are  to  be  remedied  in  a 
subsequent  edition,  when  the  series  of  observations  and  de- 
finitive investigations  now  in  hand  shall  be  completed. 

This  catalogue  is  not  a  mere  compilation  ;  otherwise  it 
would  scarcely  be  worth  while  to  add  to  the  number  of  lists 
which  have  appeared  from  time  to  time,  constructed  on  the 
easy  method  of  copying  bodily  the  data  of  Sohonfeld's 
work,  with  additions  engrafted  thereupon  which,  sometimes 
at  least,  do  not  suggest  a  high  degree  of  emulation  of  the 
conscientious  and  critical  care  of  construction  typical  of  the 
original  work. 

The  preparation  of  the  present  work  involved,  as  the  first 
step,  the  collection  of  all  the  published  observations  of  the 
known  variables  since  their  discovery,  including  the  unpub- 
lished results  of  my  own  observations,  which  relate,  at  one 
time  or  another,  nearly  to  the  whole  list  of  variables  visible 
in  this  latitude.  It  is  the  more  or  less  complete  discussion 
of  this  material  which  has.  in  general,  furnished  the  values 
of  the  elements  of  the  light-variations  assigned  in  the  cata- 
logue. Where  the  results  of  other  investigators  have  been 
adopted,  they  have  been  scrupulously  accredited,  as  herein- 
after described. 

In  the  eleventh  and  twelfth  columns  of  the  catalogue  are 
given  the  maximum  and  minimum  brightness,  with  their 
previously  observed  extremes,  derived  from  a  scrutiny  of  the 
data  so  collated,  and  expressed  in  the  prevailing  scale  of 
magnitude,    namely,    that    of   the    Uranometria    Nova,   the 


Durchmusierung,  the  Uranometria  Argentina,  and  the  South- 
ern Durchmustei-ung.  Where  the  data  unavailable  to  Schon- 
feld  afforded  no  good  reason  for  varying  the  limits  given  in 
his  catalogue,  the  latter  were  retained  unaltered,  an  asterisk 
being  affixed  thereto,  to  indicate  this  fact. 

The  elements  in  the  thirteenth,  fourteenth  and  fifteenth 
columns,  namely,  the  principal  epochs  of  minimum  and 
maximum  and  the  periods,  together  with  the  terms  depend- 
ing on  the  higher  powers,  or  on  periodic  functions  of  the 
time,  in  the  column  of  remarks,  are  the  results  of  original 
investigation  in  all  cases  where  an  asterisk  or  dagger  is  not 
affixed  to  the  period,  in  the  fifteenth  column.  The  asterisk 
denotes  that  Schonfeld's  elements  have  been  adopted,  either 
from  his  catalogue,  or  from  his  subsequent  determinations  ; 
a  course  which  I  have  followed  whenever  it  was  manifest, 
ui» ni  examination,  that  no  essential  improvement  could  be 
obtained  from  the  observations  now  at  hand,  or  that  the  time 
required  for  the  calculation  of  new  elements  would  too  long 
delay  the  publication  of  the  present  edition  of  this  catalogue. 
Similarly,  a  dagger  is  affixed  wherever  the  elements  depend 
on  any  other  authority,  quoted  in  the  column  of  remarks. 

Lest  it  might  appear  that  there  are  exceptions  to  the  truth 
of  the  above  statement,  and  that  there  are  numerous  cases 
in  which  credit  is  not  here  given,  it  is  necessary  to  say 
that  the  list  of  variables  published  by  Professor  Pickekinl  in 
1884,  and  reprinted  from  year  to  year,  was  simply  copied  from 
my  catalogue  in  one  of  its  earlier  stages.  The  manuscript 
for  this,  prepared  for  my  private  use,  I  lent  to  him  witli  per- 
mission to  employ  it  as  he  pleased,  disclaiming,  however, 
responsibility  for  the  manner  in  which  it  appeared.  This 
accounts  for  the  fact  that  many  of  the  elements  here  given 
for  the  variables  discovered  since  1875  are  identical  with 
values  which  have  already  appeared  elsewhere,  but  are  not 
here  distinguished  by  a  dagger. 

The  results  of  my  investigations  upon  the  elements  here 
incorporated  are  of  very  different  orders  of  approxima- 
tion to  what  may  be  considered  the  best  attainable  nu- 
merical  values.     Sometimes   they   were  reached   simply  by 
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comparing  the  observations  since  1875,  or  thereabouts,  with 
S<  honfeld's  elements,  and  finding  the  new  epoch  from  the 
mean  of  these  corrections,  and  the  new  period  from  the 
comparison  of  this  with  his  epoch.  In  a  far  larger  number  of 
instances,  however,  the  discussion  was  of  a  more  elaborate 
character,  partaking  of  the  nature  of  a  definitive  computation 
in  many  eases.  I  have  already  printed,  in  various  places, 
the  details  of  some  of  these  determinations,  and  shall  do  the 
same  tor  others  as  opportunity  serves.  I  hope  to  be  able, 
within  a  year  or  so.  to  issue  a  second  edition  of  this  catalogue 
*\  hich  shall  contain  final  elements  of  all  the  known  variables, 
and  which  shall  also  be  more  precise  and  complete  in  other 
respects. 

An  analysis  of  the  catalogue  shows  that,  of  the  two  hun- 
dred and  twenty -five  stars  comprised  in  it,  one  hundred  and 
sixty  are  distinctly  periodic.  In  twelve  others  the  peri- 
odic character  is  rather  uncertainly  defined.  Fourteen  are 
distinctly  irregular,  that  is.  are  either  not  periodic  or  follow 
highly  complicated  and  totally  unrecognizable  laws.  Twelve 
belong  to  the  so-called  Novae,  or  have  been  seen  at  only  one 
appearance.  In  regard  to  the  remaining  twenty-seven,  little 
or  nothing  is  known  of  the  character  of  the  fluctuations,  the 
stars  having  been  very  little  observed.  Of  the  one  hundred 
and  sixty  periodical  variables  I  have  been  able  to  assign 
in  the  catalogue  both  maximum  and  minimum  epochs  for 
sixty-three  stars :  maximum  epochs  alone,  for  eighty-two ; 
minimum  epochs  alone,  for  fourteen,  nine  of  these  being  of 
the  Algol-type  ;  while  in  one  the  period  alone  is  given. 

The  elements  of  one  hundred   and  twenty-four  stars  are 


the  results  of  my  own  investigations  ;  for  twenty-two  I  have 
adopted  those  of  Schonfeld,  and  for  fourteen  those  of 
Argelander,  Gould,  Parkhurst,  or  others,  after  indepen- 
dent examination  had  shown  that  the  data  at  hand  would 
not  give  essentially  improved  values. 

In  about  one-quarter  of  the  whole  number  of  periodical 
variables  for  which  elements  are  given,  I  have  found  distinct 
evidence  of  systematic  departure  from  uniformity  of  period. 
In  more  than  a  score  of  these  instances  the  deviations  have 
a  character  sufficiently  pronounced  to  enable  me  to  develop 
the  numerical  values  of  the  constants  of  periodic  or  secular 
terms,  with  greater  or  less  certainty  ;  and  these  functions  of 
the  epoch  have  been  inserted  in  the  catalogue,  either  in  the 
column  containing  the  periods  or  in  the  remarks,  as  the  con- 
venience of  the  available  space  served. 

It  is  of  interest  to  recapitulate  the  present  state  of  our 
knowledge  in  respect  to  these  curious  perturbations,  the 
development  of  which  is  so  important  for  the  study  of  the 
causes  of  stellar  variation.  I  have  therefore  collected  in  the 
following  table,  by  what  seems  to  be  the  most  perspicuous 
form  of  statement,  the  inequalities  incorporated  in  the  ele- 
ments of  the  catalogue.  The  arrangement  is  in  order  of 
the  length  of  the  period  in  the  third  column,  which,  with 
its  variation  in  the  fourth  column,  are  the'  values  of  the 
first  and  second  derivatives,  respectively,  of  the  elements 
of  the  catalogue  ;  and  therefore  correspond  to  the  instant 
of  the  beginning  of  the  epoch  E,  reckoned  from  the  zero 
of  the  principal  epoch  of  maximum  or  minimum  of  the  cata- 
logue. 


No. 

Star 

Period 

Variation  of 

A  =  E0  +  G 

Period 

e 

G 

4826 

R  Hydrae 

496.91  +6.043  cos  A 
—0.4(11  E 
—0.004  E2 

d 
— 0.453  sin  A 
—0.461 
—0.008  E 

o 

1.:; 

353/7 

8600 

R  Cassiopeae 

129.00+6.423  cos  A 

—1.79.'!  sin  A 

16.0 

346.0 

7120 

X   C'ygiii 

tin;. 04  +  0. 011  E 

+  0.01  1 

8512 

R  Aquarii 

387.16  +  6.110  cos  A 

—1.066  sin  A 

10. o 

235.0 

8290 

R  Pegasi 

378. 10  +  0. 340  E 

+  0.340 

3477 

R  Leonis  inin. 

373.50—0.066  E 

—0.066 

55(11 

S  Serpentis 

865.25+4.801  cos  A 

—0.419  sin  A 

5.0 

30.0 

5677 

R  Serpentis 

357.60+3.927  cos  A 

—  0.343  sin  A 

5.0 

15.0 

2946 

R  Cancri 

352. 81+0. 414  E 

+  0.11  1 

6849 

R  Aquilae 

352.30—0.800  E 

—0.800 

806 

o  Ceti 

331.34+1.555  cos  A 

— 0.037  sin  A 

1.36 

179.8 

+  1.210  cos  A 

—0.043  sin  A 

•J.  05 

70.1 

+  1.296  cos  A 

—0.093  sin  A 

1.09 

31.25 

7220 

S  ( 'ygni 

323.30—0.134  E 

—0.134 

5  770 

R  Herculis 

318.40+4.189  cos  A 

— 0.877  sin  A 

12.0 

324.0 

6044 

S  Herculis 

309.00+7.201  cos  A 

—0.943  sin  A 

7.."i 

100.0 

3825 

R  Ursae  Maj. 

305.40—0.150  E 

—0.150 

155  7 

S  Ursae  Maj. 

223.92+0.204  E 

+  0.204 

3994 

s   Leonis 

184.95+0.260  K 

+  0.260 

6512 

T  Herculis 

164.75+0.628  cos  A 

—0.079  sin  A 

7.1' 

57.6 

1521 

R  Virginia 

1  15.63+0.545  cos   \ 

—0.024  sin    \ 

2.5 

135.0 

+  0.353  eos   \ 

—0.028  sin  A 

5.0 

65.0 

7560 

R   Vnlpeculae 

136.90  +  1.396  cos  A 

—0.097  sin  A 

1.0 

90.0 
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No. 

Star 

Period 

Variation  of 

A  =  ] 

G0  +  G 

Period 

e 

G 

d        h        m        s 

, 

0 

O 

6758 

ti   Lyrae 

12  21   46  58.3 

+  0.8434  E 
—0.000-2  E- 

+  0.8434 
—0.0003  E 

1090 

(3   Persei 

2  20  48  55.425 

+  3.6296  cos  A 

—0.0012  sin  A 

0.02 

202.5 

+  1 .4137  cos  A 

—0.0018  sin  A 

0.075 

2H3.25 

+  0.6109  cos  A 

—0.0018  sin  A 

0.167 

90.13 

6189 

l'  Ophiuchi 

0  20     7  41.600 
—0.0004  E 

—0.0004 

Besides  the  stars  in  the  foregoing  table.  I  have  detected 
distinct  evidence  of  similar  systematic'  inequalities,  but  with- 
out attempting  to  determine  the  mathematical  expressions  of 
them,  in  the  following  cases:  S  Gassiopeae,  It  Arietis,  R 
To'iri.  YTiinri,  R  Leporis,  R  Aurigae,  R  Canis  minoris, 
S  Canis  minoris,  R  Leonis,  li  Com',  T  Ursae  Majoris,  S 
Virginia,  R  Scorpii,  U  Herculis,  T  Delphini,  TPegasi;  be- 
sides the  well  known  case, of  R  Scvii.  And  it  is  appropriate 
to  add  here  that  there  are  puzzling  discordances  between  the 
minima  of  the  Algol-type  variable  Y  Cygni  observed  in  dif- 
ferent years,  for  which  I  can  -ee  :it  present  no  explanation. 

The  fact  that  a  large  proportion  <>f  the  variable  stars  are 
more  or  less  red  attracted  attention  early  in  the  history  of 
the  subject ;  and  that  some  sort  of  connection  between  color 
and  variability  really  exists  is  now  commonly  accepted,  al- 
though the  nature  of  the  relation  is  not  at  all  understood. 
It  seems  proper,  therefore,  that  a  statement  of  the  degree  of 
redness,  expressed  in  some  convenient,  although  arbitrary, 
numerical  scale,  should  find  place  in  a  catalogue  of  these 
objects.  In  the  tenth  column  I  have  attempted  to  do  this  as 
well  as  the  material  furnished  by  my  observations  will  per- 
mit. In  1883  and  1884  I  made  a  series  of  about  one  thou- 
sand estimates,  by  two  independent  methods,  upon  about 
one  hundred  aud  twenty  of  the  telescopic  periodical  vari- 
ables, directed  to  this  special  end.  Being  a  continuous 
series,  made  with  the  same  instrument  (6]-inch  Clacey  equa- 
torial), they  have  a  homogeneity  which  fits  them  to  serve  as 
a  basis  of  classification  of  the  variables  as  to  redness, 
until  something  better  can  be  provided.  The  details  of  this 
investigation  will  soon  lie  published.  The  results  are  given 
in  the  tenth  column  in  the  figures  not  in  parentheses.  The 
redness  is  expressed  to  tenths  of  a  degree  of  an  arbitrary 
decimal  scale,  the  zero  of  which  corresponds  to  white  light. 
and  the  other  limit,  ten,  to  the  most  intense  shade  of  red  of 
which  we  have  cognizance  in  the  heavens,  exemplified  by 
such  stars  as  S  Cephei,  V  Cygni  and  R  Leporis.  As  nearly 
as  the  intermediate  degrees  of  this  imaginary  scale  can  be 
verbally  defined,  1  corresponds  to  the  slightest  perceptible 
admixture  of  yellow  with  the  white  ;  2  to  a  yellow  ;  3  to 
yellowish  orange  ;  4  to  a  full  orange  or  orange-red  ;  and  .~i 
to  10  to  increasing  shades  of  intensity  up  to  the  limit  de- 
scribed.    The  results  are  stated  to  tenths  of  the  unit,  not  to 

(Continued 


imply  that  they  possess  by  any  means  that  order  of  accuracy, 
but  simply  as  the  casual  average  of  the  estimates.  The 
values  for  the  stars  not  included  in  this  series  are  in  paren- 
theses ;  aud  are  merely  rude  attempts  to  assign  their  red- 
ness in  the  same  scale,  from  estimates  made  at  other  times, 
or,  where  these  were  wanting,  from  descriptions  by  other 
observers.  Two  remarks  should  be  added  ;  first,  that  my 
scale  was  formed  independently  of,  and  without  reference 
to  Schmidt's,  and  that  I  am  not  now  prepared  to  define  the 
relation  between  the  two ;  and  secondly,  that  I  am  fully 
aware  how  vague  and  defective  this  method,  of  estimate  by 
reference  to  an  arbitrary  imaginary  scale,  is.  But  it  is  at 
least  a  beginning,  if  a  rude  one.  The  whole  subject  is  be- 
set with  great  difficulties,  and  needs  thorough  study  by  cor- 
rect methods. 

The  places  of  the  stars  of  Schonfeld's  catalogue  were 
taken  directly  therefrom  (correcting  a  misprint  in  r,  Gemi- 
norum),  and  those  of  the  additional  stars  from  the  most 
trustworthy  available  sources.  The  equinox  of  1855  is  re- 
tained, as  it  is  still,  on  the  whole,  the  most  convenient.  On 
the   right    hand  page,  however,   are   approximate  places  for 

1 ! which  equinox  will  be  adopted  as  the  fundamental  one 

in  some  future  edition,  and  which  has  been  made  the  basis 
of  the  method  of  numbering  about  to  be  described. 

In  the  outside  columns  of  both  the  right  and  left  hand 
pages  is  the  number  of  the  star,  upon  a  system  of  ordinal 
notation  designed  to  remedy  the  inconveniences  attendiug 
the  usual  current  numbers.  The  variables  are  increasing  so 
rapidly  in  number  that  successive  editions  of  catalogues  must 
in  future  succeed  each  other  more  frequently  thau  in  the 
past,  to  serve  the  convenience  of  astronomers.  A  new  cur- 
rent number  with  each  list  necessitates  a  reference  column, 
for  identification,  of  the  numbers  of  some  preceding  one  ; 
or.  if  the  numbers  of  any  one  list  are  retained,  the  interpo- 
lated stars  require  a  suttix-letter,  resulting  in  a  hybrid  nota- 
tion which  is  exceedingly  objectionable,  and  which  sooner  or 
later  has  to  be  re-formed  ;  when  the  whole  process  of  degen- 
eration, with  its  awkwardness  and  confusion,  begins  anew. 
It  seems  certainly  better  to  adopt  a  system  which  attaches  a 
permanent  numeral  to  each  star,  and  which  permits  interpo- 
lation to  a  practical!}7  unlimited  extent.  I  would  accordingly 
suggest  that   the  numbers  for  variable  star  catalogues    be 

on  page  92.) 
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No. 

Sen. 

Star 

R.A 

1855.0 

Decl. 

Annual  Variation 

Discoverer 

Date 

Red- 
ness 

Magnitude 
Max.                  Miu. 

LOO 

T  Ceti 

h         111         S 

0   14  26 

—20°  51.8 

+  3!04 

+0.33 

Chandler 

1881 

(4) 

5.1-  5.3 

6.4-  7.0 

107 

1 

T  Cassiopeae 

15 

25     +5  1   59.3 

3.20 

0.33 

Krueger 

1870 

7.3 

7.0-  8.0 

11.0-11.2* 

112 

2 

R  Andromedae 

16 

25     +37  46.4 

3.14 

0.33 

Argelander 

1858 

5.0 

5.6-  8.6* 

<12.8     * 

114 

3 

S  Ceti 

16 

11      -10     7.9 

3.05 

0.33 

Borrelly 

1872 

2.0 

7.0-  8.0*     <I2.5 

116 

4 

B  Cassiopeae 

16 

47 

+  63  20.6 

3.27 

0.33 

Tycho  Brahe 

1572 

>1      *           ?        * 

161 

5 

T  Piscium 

24 

29 

+  13  48.0 

3.11 

0.33 

Luther 

1855 

(0) 

9.5-10.2*  10.5-11.0* 

209 

6 

<{  Cassiopeae 

32 

18     +55  44.5 

3.36 

0.33 

Birt 

1831 

(5, 

2.2       * 

224 

Andromedae 

34 

49  j  +40  28.3 

3.25 

0.33 

I  la  it  wig 

1885 

(5) 

7 

0? 

243 

V  Cassiopeae 

38 

16  !  +47  27.8 

3.31 

0.33 

Espiu 

1887 

(6) 

°2  • 

14? 

320 

U  Cephei 

0  49 

39 

+  81     5.6 

4.90 

0.33 

Ceraski 

1880 

(0) 

7.1 

9.2 

432 

7 

S  Cassiopeae 

1     9 

4 

+  71   50.8 

4.30 

0.32 

Argelander 

1861 

6.7 

6.7-  8.6 

<13.5 

434 

s 

S  Piscium 

10 

0 

+   8     9.9 

3.12 

0.32 

Hind 

1851 

1.0 

8.2-  9.3 

13.5? 

466 

U  Piscium 

15 

18 

+  12     6.4 

3.16 

0.32 

Peters 

1880 

10 

<14 

494 

R  Sciilptoris 

20 

17 

—33  17.8 

2.77 

0.31 

Gould 

1872?  (9) 

°4 

7* 

513 

9 

R  Piscium 

23 

10 

+    2     7.9 

3.09 

0.31 

Hind 

1850 

2.0 

7-  8.8 

<12.5     * 

715 

10 

S  Arietis 

1  50 

51 

+  11   49.7 

3.21 

0.29 

Peters 

1865 

(2) 

9.1-  9.8* 

14? 

782 

11 

R  Arietis 

2     7 

53 

+  24  22.8 

3.39 

0.28 

Argelander 

1857 

1.8 

7.6-  9.0 

11.7-13.0 

793 

T  Persei 

9 

0 

+  58  16.7 

4.23 

0.28 

Safarik 

IS  82 

(*) 

8.2 

9.3 

806 

12 

o    Ceti 

12 

1 

-  3  38.3 

3.02 

0.28 

Fabricius 

1596 

5.9 

1.7-  5.0*       8-  9.5 

814 

13 

S  Persei 

12 

29 

+  57  55.2 

4.24 

0.28 

Krueger 

1873 

5.0 

8.5               12.5 

845 

14 

R  Ceti 

18 

38 

—  0  50.1 

3.06 

0.28 

Argelander 

1866 

2.4 

7.5-  8.8          13.5 

893 

U  Ceti 

26 

45 

—13  47.2 

2.88 

0.27 

Sawyer 

1885 

(3) 

6.8-  7.3          10.5< 

976 

15 

T  Arietis 

40 

15 

+  16  54.1 

3.33 

0.26 

Auwers 

is  70 

3.2 

7.9-  8.6 

9.3-  9.7 

1072 

16 

p  Persei 

55 

54 

+  38  16.5 

3.81 

0.24 

Schmidt 

1854 

(2) 

3.4      * 

4.2      • 

1090 

17 

p'   Persei 

2  58 

45 

+  40  23.6 

3.87 

0  24 

S  Montanari 
/  <  ioodricke 

S  1669  1 

i  ir-*-  s 

(0) 

2.3 

3.5 

1222 

18 

R  Persei 

3  20 

50 

+  35   10.1 

3.79 

0.21 

Schdnfeld 

1861 

2.3 

7.7-  9.2 

13.5 

1411 

19 

).  Tauri 

3  52 

39 

+  12     4.6 

3.31 

0.18 

Baxendell 

1848 

(0) 

3.4      * 

4.2     * 

1537 

20 

T  Tauri 

4  13 

33 

+  19   11.3 

3.49 

0.15 

Hind 

1861 

(0) 

9.2-11.5* 

12.8-<13.5 

1574 

W  Tauri 

19 

43 

+  15  46.5 

3.41 

0.14 

Espin 

1886 

(5) 

9?            -,12V 

1577 

21 

R  Tauri 

20 

21 

+   9  50.1 

3.28 

0.14 

Hind 

1S49 

4.5 

7.4-  9.0*        Vd'.o 

1582 

22 

S  Tauri 

21 

16 

+   9  37.3 

3.28 

0.14 

( hidemans 

is;,;, 

2.5 

9.5-10.0       <13.5 

1654 

R  Doradus 

35 

5 

—62  21.8 

O.G'.l 

0.12 

Gould 

1874? 

(7) 

h         n 

1717 

23 

V  Tauri 

43 

39 

+  17   17.4 

3.46 

0.11 

Auwers 

1871 

3.3 

8.3-  9.0* 

<13.5 

1761 

24 

R  Orionis 

51 

8 

+   7  54  3 

3.25 

0.10 

Hind 

1848 

4.4 

s.7-  :t.l 

<13      * 

1768 

25 

^    Aurigae 

51 

34 

f  43  36.2 

4.29 

0.1(1 

Fritscu 

1821 

(1) 

3.0      * 

4.5      - 

1771 

26 

R  Leporis 

4  53 

0 

—15     1.7 

2.73 

0.10 

Schmidt 

is.",  5 

9.4 

6-   7     - 

8.5:    ■ 

1855 

27 

R  Aurigae 

5     5 

36 

+  5.".  25.0 

4.82 

0.08 

At  Bonn 

is. 12 

6.5 

6.5-   7.s     12.5-12.7* 

1923 

S  Aurigae 

17 

33 

+  34     2.1 

3.96 

0.06 

Duncr 

1881 

6.7 

'.1.4-11.0       <14.5 

1944 

28 

S  Orionis 

21 

51 

—  4   48.7 

2.96 

0.06 

Webb 

1870 

6.4 

8.3-  9.5 

13.0 

1961 

29 

8  Orionis 

24 

36 

—  0  24.6 

3.06 

0.05 

J.  Herschel 

is:;  4 

(0) 

2.2?    * 

2.7     • 

1986 

T  Orionis 

28  43 

—  5  3  1.5 

2.94 

0.05 

Bond 

L863 

(0) 

9.7 

13 

2100 

D  ( >rionis 

47 

13 

+  20     8.7 

3.56 

0.02 

Gore 

1885 

(7) 

6.1-   7.5 

<12 

2098 

30 

a   ( hionis 

5  47 

19 

+    7   22.9 

3.25 

+  0.02 

J.  Herschel 

1840 

(6) 

1         * 

1.4      * 

2213 

31 

rt    Geminorum 

6     6 

8 

+  22  32.6 

3.62 

—0.01 

Schmidt 

1865 

(3) 

3.2      * 

3.7-  4.2* 

2266 

V  Monocerotis 

15 

25 

—  2     7.6 

3.02 

0.02 

Schonfeld 

1883 

3.4 

6.9 

10. 7< 

2279 

32 

T  Monocerotis 

17 

24 

+    7     9.7 

3.24 

0.03 

Gould 

1S71 

(-') 

5.s-   ,;.! 

7.4-  s.2 

2362 

33 

H  Monocerotis 

31 

15 

+   8  51.7 

3.28 

0.05 

Schmidt 

1861 

(0) 

9.5      * 

13 

2375 

34 

S  Monocerotis 

I!.", 

0 

+  10     1.5 

3.31 

0.05 

Winnecke 

L867 

(2) 

4.9      * 

5.4      * 

2478 

35 

R  Lyncis 

19 

20 

+  55  31.6 

4.97 

0.07 

Krueger 

1874 

l.s 

7.8-  8.0 

<13 

2509 

36 

f  Geminorum 

55 

30 

+  20  46.7 

3.56 

0.08 

Schmidt 

1S47 

(2) 

3.7      * 

4.5      • 

2528 

37 

R  Geminorum 

6  58 

37 

+  22  55.4 

3.62 

o.os 

Hind 

is  (s 

.>. , 

6.6-  7.8 

<13.5 

•_'.".:'.:• 

38 

K  (  anis  miu. 

7     0 

44 

+  10   14.9 

3.30 

(I.O'.I 

At  Bonn 

1855 

:,.:< 

7.2-  7.9* 

9.5-10.0* 

2583 

L2Puppis 

9 

7 

—44    2  1.2 

1.82 

0.10 

Gould 

1872 

(8) 

.",.5 

6.3 

2610 

R  Can  is  Maj. 

12 

55 

-16     7.6 

2.70 

0.10 

Sawyer 

1887 

(0) 

5.9 

6.7 

2625 

V  1  teminorum 

15 

■> 

+  13  21.9 

3.37 

0.11 

Baxendell 

1SSO 

2.s 

s.2-  9.1 

12.0-14.0 

26  71; 

39 

U  Monocerotis 

23 

53 

—  9  28.6 

2.86 

0.12 

Gould 

1st:! 

(3) 

5.9-  7.3 

6.6-  s.o 

268  1 

S  Canis  miu. 

7  24 

51 

+   8  37.4 

f  3.26 

—0.12 

Hind 

1856 

14.1 

7.2-  s.o* 

<11     * 
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Greenwich  Mean  Time 
Miu.  Max. 


Period,  etc. 


Remarks 


1900.0 
R.A.        Decl. 


X.i. 


83  Dec.    8 


84  Aug.  10 
82  ( >ct.    22.9 
88  Nov.  13 


65 
+  441      E 
+  411.2  E 
+  322.5  E 


Irregular;  possibly,  type  of  R  Scuti 


88  Jan.    2  23  20.0 


Nova 

Irregular 

Irregular.    Argel.  found  per.  79d 
Nova  ui  Andromeda  Xcbula 


72  Aug.  21 


88  Apr.  27.5 
88  Mar.  31.7 
85  Sept. 
72  Dec.      7 
81  Dec. 


81  Sept.  27.6 
66  Aug.    8 


72  Mar. 

82  .l;m. 


24.0 

14.0 
6.5 


66  Nov.  25.47 
7:;  Nov.  30 


72  Nov.    8 


88 Jan.     3    7  2129.23 
87  Dec.    6  1157.0 


79 Jan.   24 
77  May   25 


69  July      1 


70  April    7 


85  Mar.  24. 


70  Feb.      2  10.4 
83  Aug.   20 
87 Dec.  29  14    5.7 
78 Jan.    0 

76  Apr.  28 
78Jan.    4 
87Mar.26  14  58.5 
79Sept.24 
73  Apr.    1  0 


70  Oct.    31.4 
84  Dec.   11 
73  Mar.  11 


82  June  20.0 


81  Nov.  26.9 
83  Oct.    25 


83  Nov.     7 
69  Oct.    18.6 


79  Sept.  13.0 
78  Jan.      6.0 


70  Jan.    17 


85  Dec.    15 

84  Jan.      1 

85  Apr.     1.81 


+      2  11  49  45.0  E 

+  607.5  E 

+  406.0  E 

+352     E  1 

+  207      E 

+  344.0  E 

+  290.0  E 
+  186.7  E 

+331.3363  E+  1 

+346      E 

+  167.1  E  * 

+  233     E 

+  324     E  * 

33 

+      2  20  48  55.425  E'  + 

+  210.4  E 

+      3  22  52  12.0  E 


Ugol-tj  pe 


I  think  period  is  shortening 


Elements  uncertain  ;  Parkhurst 
Elements  interred  from  Cordoba  obser.    Sawyer  lias 
confirmed  variability 


I  suspect  a  shortening  of  period 
Light-curve  irregular 
I  t8d  16  tin  r-  n»E+  81"  150 

.  -.  ::  :■  .in.  r  ■.■.  K-t-  7"  .".  i 
1+55  .3lBinl].Vllc'E+  179  M  I 
l.Argel.  elements,  omitting  [0-year  term 


Schmidt  -  period.  Schoenfeld  thinks  the  var.  irregular 
f+178ni .:'.  siiu  l,-.-,,i  E'+202o  :w) 
.'  +  18      Osinjl  '40  E'+208    15  I 
|+    3      .5  Jini  I   ,;    I'.'  r  90    20     ; 
uli.i..  K'=  E  -11210 


+  325.0  E 
+  376   E 


+  169.2  E 
+  378.8  E 


+  436.1  E 
+  460.6  E 


+  416   E 


+  .",59.5  K 


70  Jan.  31  19.9   i 

84  Jan.  26 

88  Jan.  3  14  27.7 

78  Apr.  18.0 

76  Aug.  20 
78  Mar.  16.0 

80  Feb.   7 
7.",  Apr.  19.0 
71 1  Aug.  20 


+  229.1  E 
+  334   E 

+  27.0037  E 


Algol-type:  period  Bubject  to  marked  inequalities 
Irregular 


Element!  uncertain 


I  suspeet  variation  from  uniform  period 


Irregular 

Evidence  of  inequality  in  period 

Period  probably  irregular 

I  think  peri. id   is  certainly  over  400  days,  but  very 

irregular;  possibly  with  secondary  phases 
Pol    bly  ;i  secondary  max.  midway 
rAuwers  found  a  1 6d  period;   Schoenfeld  found  a 
■       slight  variation,  but  no  period.     My  obsn-.   and 

Sawyer's  show  no  fluctuation  of  light 

In  Great  Vhula;  Schmidt's  obsns.  and  mine  con- 
firm variablity 

Duner  s  elements 

Argelander  found  period  196 days.  Schoeuteld  thinks 
periodicity  questionable 


+     3  10  38  E? 
+380.0  E 
+    10    3  41.5  E 
+370.5  E 

+337. 5  E 

+  136.05  E 

+      1    3  15 55 E 

+  276.0  E 

+   45.20  E 

+  331.0  E 


Limits  of  mags,  from  Sawyer's  obsns. 

Irregular;   in  southerly  end  ofthe  nebular  h  (399) 

Winnecke'e  elements ;  Schoenfeld  s  obsns.  partly  con- 
firm such  ii  period,  partly  contradict  it 

i  i  •  uncertain 

r\v.  M.Uceri  g  obsns.  indicate  a  correction  {•■  Schoen- 
fi  i.i  -  period  of  — lm  4Hs.  Yendell's  one  ol  about 

t     — fiOs.     I  have  adopted  — lm  22s 


There  is  evidence  of  inequality  of  period 

+     Williams's  elements  of  max.;  min.   iuferred  from 
'         Gould    remarks  in  V.A. 
Algol-type 


'Limits  of  mag.  from  Sawyer's  obsns.,  which  sho-v 
light-curve  resembling  R  Scuti;  Yendell's  obsns. 

.until  in 

Schoenfeld  thought  period  was  shortening,  in  1875; 
but  my  results  show  rather  a  cyclical  irregularity 


h   in 

0  16.7 

17.8 
18.8 
19.0 
19.2 

26.8 
34.8 
37.2 
40.5 
0  53.4 


1  12.3 

12.3 
17.7 
22.1 
25.5 

1  59.2 

2  10.4 
12.2 
14.3 
15.7 

20.9 
28.9 
12.7 

2  58.7 

3  1.6 

23.7 
;;  55.1 

4  16.2 
22.3 

22. 8 

23.7 
35.6 

16.2 
53.6 
54.8 


—20  37 
+  55  14 
+  38  1 

—  9  53 
+  63  35 

+  14  3 
+  55  59 
+40  43 
+47  43 
+  81  20 

+  72  5 
+  8  24 
+  12  21 
—33  4 

+  2  22 

+  12  3 
+  24  35 
+  58  29 

—  3  26 

+  58  8 

—  0  38 
—13  35 
+  17  6 
+  38  27 

+  40  34 


100 
107 
112 
114 
116 

161 
209 
224 
243 
320 

432 
434 
466 
194 
513 

715 
782 
79:; 
806 
814 

845 

893 

976 

1072 

1 090 


+  35  20  1222 
+  12  12  1411 
+  19  18  1537 


+  15  53 
+  9  56 

+  9  44 
—62  16 
+ 1  7  22 
+  7  59 
+43  41 


1574 
1577 

1582 
1654 
1717 
1761 

1768 


4  55.0—14  57  1771 

5  9.2+53  29  1855 
20.5+34  5  1923 
24.1—  4  46  1944 
26.9—  0  22  1961 


30.9 

—  5  32 

1986 

19.9|  +  20  10 

2100 

5  49.7 

+  7  23 

2098 

6  8.8 

+  22  32 

2213 

17.7 

—  2    9 

2266 

19.8 

+  7  8 

2279 

33.7 

+  8  49 

2362 

35.8 

+  9  59 

2375 

53.1 

+55  29 

2  1 78 

6  58.2 

+20  43 

2509 

7  1.3 

+  22  52 

2528 

3.2 

+  10  11 

2539 

10.5 

—44  29 

2583 

14.9 

—16  12 

2610 

17.6 

+  13  17 

26  25 

26.0 

—  9  34 

2676 

7  27..", 

+  8  32 

2684 

86 
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N°  i:;i. 


1  vi.i.O 

Red- 

Magnitude 

No. 

Soli. 

Star 

R.A.                Decl. 

Animal  Variation 

Discoverer 

Date     aess 

Max. 

Mill. 

26!"  1 

40 

1   (  uuis  ruin. 

h         m         s 

7  25  56 

| 
+  12     3.0 

+  3'.  34 

—0.12 

Schonfeld 

1865     (2) 

9.0-  9.7 

<13.5 

27:;.". 

1    (  anis  iniu. 

33  28 

+   8  42.2 

3.26 

0.13 

Baxendell 

1879 

5.1 

8.5-  9.0 

12.3-13.5 

274  2 

41 

s  i  reminorum 

34  20     +2::    17.2 

3.61 

0.13     Hind 

L848 

(3) 

8.2-  8.7' 

<13.5 

278 

42 

T  Geminorum 

in  36     +24     5.5 

3.61 

0.14     Hind 

1848 

3.0 

8.1-  8.7* 

<13.5 

2783 

S   Puppis 

12  31     —17    15.4 

1.74 

i».14     Gould 

1872? 

H 

9 

28 1  •"> 

13     I '  Geminorum 

16  30 

+22  22.7 

3.56 

0.15     Hind 

1855    0.0 

8.9-  9.7* 

13.1      * 

2857 

r  Puppis 

7  54     2 

—  12   26.6 

2.81 

0.16     Pickering 

1.NS1 

3.2 

8.0-  9.0 

<   14 

2946 

14     R  Cancri 

.  8     8  34 

+  12   10.1 

3.32 

0.18    Schwerd 

1829 

5.3 

6.0-  8.3 

<11.7      * 

2976 

45 

V  Cancri 

13   27 

+  17    14.5 

3.43 

0.18 

Auwers 

1870 

t.3 

6.8-   7.7 

<12       * 

•  3060 

46 

T  Cancri 

27  28 

+  19   23.5 

3.45 

0.20 

Chacornac 

1853 

2-.  3 

S. 4-10. 6 

<13        * 

8109 

4  7     S  Cancri 

35  39 

+  19  33.2 

3.44 

0.21 

Hind 

L848 

(1) 

8.2     * 

9.8      * 

3170 

48    S  Hydrae 

46     0 

+   3  36.8 

3.13 

0.22 

Hind 

1848 

2.1 

7.5-  8.7 

<12.2      * 

• 

19     T  Cancri 

48  23 

+  2(1   24.1 

3.44 

0.22 

Hind 

1850 

7.4 

8.0-  S.5 

9.3-1  o.5* 

3184 

50    T  Hydrae 

8  48  37 

—  8  35.4 

2.92 

0.22 

Hind 

1851 

1.8 

7.0-  8.1* 

<13.0 

3418 

K  ( 'arinae 

9  28  36 

—02     8.9 

1.52 

0.26 

Gould 

1871 

(5) 

4.3-  5.7 

9.3-lo.n 

3  177 

51 

1!  Leonis  miu. 

36  52 

+35   10.6 

3.62 

0.27 

Schonfeld 

1863 

6.0 

6.1-  7.8 

<12.5 

3493 

52 

1!  Leonis 

39  45 

+  12     5.9 

3.23 

0.27 

Koch 

1782 

6.9 

5.2-  6.7 

9.4-10.0* 

3495 

/    Carinae 

41    16 

—61    5(1.4 

1.65 

0.27 

Gould 

1871 

3.7 

5.2 

3567 

V  Leonis 

9  51    57 

+  21   57.3 

3.36 

0.28 

Becker 

1882 

1.7 

8.6 

<13.5 

3633 

R  Antliae 

10     3  30 

—37     1.2 

2.58 

0.29 

<  rOuld 

1872 

6.0 

<8 

3637 

S  Carinae 

4  45 

—60  50.4 

1.92 

0.29 

<  rould 

1871 

(5) 

6] 

9 

3712 

1"  Leonis 

16  17 

+  14    11.1 

3.23 

0.30 

Peters 

1876 

9.5 

<13.5 

3796 

l"  Hydrae 

30  2  1 

—  12  38.1 

2.96 

0.31 

1  rOUld 

1871 

(7) 

4.5 

6.1-  6.3 

3825 

53 

R  Drsae  Maj. 

34   19 

32.1 

4.38 

0.31 

Pogson 

1-:,.; 

1.6 

6.0-  8.2 

13.2 

3847 

54 

r,    Argus 

39  27 

— 58  55.4 

2.31 

0.31 

Burchell 

1827 

(5) 

>1       * 

7.4 

-- 

V  Hydrae 

44  34 

—2ii  28.8 

2.91 

0.32 

SG      i       > 

/  '            nillT    $ 

j 

1  1888   > 

(9) 

6.7 

9.K 

\V  L lis 

45  58 

+  1  1    29.2 

3.18 

0.32 

Peters 

1880 

9? 

<   14 

3934 

55 

K  Crateris 

in  53  26 

—  17  32.8 

2.95 

0.32 

Winnecke 

1861 

8.1 

>8       * 

<9          * 

3994 

56 

S   Leonis 

11      3   21 

+   6   14.9 

3.11 

0.32 

Chacornac 

1856 

0.0 

9.0-10.0 

<13     * 

41  GO 

57 

T  Leonis 

3 1     0 

+   4    10.5 

3. US 

0.33 

Peters 

1S62 

10?    * 

<13.5 

4300 

58 

X  Virginis 

54   25 

+    9  52.7 

3.0S 

0.33 

Peters 

1871 

7.8?    " 

12 

4315 

59 

R  (  omae 

11   56    19 

+  19  35.4 

3.08 

0.33 

Schonfeld 

1856 

4.0 

7.4-    - 

<13.5 

4377 

60 

T  Virginis 

12     7  10 

—  5   13.8 

3.08 

0.33 

Boguslawski 

1849 

4.1 

8.0-  8.8* 

10-<13.5 

1407 

61 

l;  i  orvi 

12     8 

—  is  26.9 

3.09 

0.33 

Karlinski 

1867 

3.7 

6.8-  7.7 

<11.5     * 

1492 

Y  Virginis 

26  25 

—  3  37.3 

3.08 

o.33 

Henry 

is  74 

s-  9.4 

13-14 

4511 

02 

T  Ursae  Maj. 

29    17 

+  60   17.2 

2.77 

0.33 

At  lioun 

1860 

2.0 

6.7-  -  5 

12.2-12.i-. 

4521 

63 

R  Virginis 

31     9 

+    7    17.2 

3.05 

0.33 

Harding 

1809 

1.3 

6.5-  8.0 

:'.  7-11.0 

4536 

R  Muscae 

33    17 

68  36.7 

3.56 

0.33 

Gould 

1871 

6.6 

7.1 

4  55  7 

64 

S  [Trsae  Maj. 

37  35 

+  61   53.3 

2.66 

0.33 

Pogson 

1853    3.2 

7.0-  8.2 

10.2-11.5 

65 

U  Virginis 

12  43    15 

+   6  20.6 

3.04 

0.33 

Harding 

1 83 1 

1.1 

7.7-  8.1*  12.2-12.8 

4805 

66 

W    Virginis 

13   18  33 

—  2  37.4 

3.09 

o..",l 

Schonfeld 

1856 

o.l 

8.7-  9.2*    9.8-1 

4816 

67 

V  Virginis 

20  19 

-  2  25.2 

3.09 

0.31 

( i-oldschmidt 

1857 

2.7 

8.0-  9.0*      <13       * 

1826 

68 

1!  Hydrae 

21    48 

—22   31.8 

3.27 

0.31 

*            ii.ari  > 

. 

5.9 

3.5-  5.5           9.7 

1847 

69 

S  Virginis 

25  26 

-  6  26. s 

3.13 

0.31 

Hind 

1852 

2.1; 

5.7-   7.--          12.5     * 

4948 

R  Caniiin  Venat. 

12    13 

+40   15.9 

2.58 

0.30 

Espin 

1888 

74                <11 

5037 

RR  Virginis 

13  57   12 

_  8    10.0 

3.17 

0.29 

Peters 

1 881 1 

>11 

<14 

Z  Virginis 

14      2  33 

—  12  36.5 

3.22 

0.29 

Palisa 

1880 

9  5-   11 

<14 

5095 

R  (  Vntauri 

6   in 

—59   14.1 

4.24 

0.28 

Gould 

1871 

(I'M 

6.0-  1;.:;      8.7-  9.8 

.".im  7 

70 

T  Bootis 

7  18 

+  19  44.7 

2.. si 

28 

Baxendell 

I860 

<13 

5156 

X  Bootis 

17   19 

+  16  58.8 

2.84 

0.2s 

Baxendell 

1859 

9.0-  9.4           10.2 

5 1  5  7 

71 

S   Bootis 

18     1 

+  51   28.3 

2.01 

0.28 

At  Bonn 

I860 

2,s 

7.7-  S.5     12. 5-13.. 2 

5194 

V  Bootis 

23  .-.1 

+39  30.4 

+  2.42 

0.27 

1  Miner 

3.6 

7.1-   7.:: 

9.4 

5190 

72 

1!  Camelopardi 

28  54         84  29.2 

—5.31 

0.27 

Hencke 

1858 

2.1 

7.8-  8.6 

12-13.5 

5237 

7;; 

R  Bootis 

30    is 

+  27   22.1 

+  2.65 

0.26 

At  Bonn 

L858 

2.7 

5.9-  7.8 

11.3-12.2* 

5249 

V  Librae 

14  32   18 

—  17      1.8 

+3.32 

—0.26 

Schonfeld 

L882 

9.3                12.2 
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Greenwich  Mean  Time 
Min.  Max. 


Period,  etc. 


Remarks 


1900.0 
R.A.        Decl. 


No. 


79  Aus.  -27 


72  Feb.      3.6 
80  Mar.  15 
65  Nov.    3.2 
63  Feb.   18.3 


d       h       n 

+  .".22.1  E 

+  398.6  E 

+294.2  E 

+  288.1  E 


67  Aug.  31  14  2.89 
72  Aug.    2 


|79  0ct.    24 
81  Mar.     8 
52  Apr.   -J  1.1 
84  Jan.     s.;, 
84  Mar.    18.6 


80  Apr.     2.4 
71  Julv   12 


86  Mar.  29 

52  0rt.    ■_':; 


84  February 

82  Apr.  30 
09  .Mar.  11.17 


60  Feb.     4.0 
82  Feb.   13.0 

69  Apr.   17.466 


63  Feb. 


82  Aug.  15 

80  Jan.    14 
85  Jan.   29 


80  Mar.  1:1 


78  Mar.    is.:; 


66  Jan.    26.5 
71  July    26.1 

65  Feb.  2'i.ii 
80  Aug.  28.4 
71  Aug.     1 
82  April 


+  86.3  E 
+  310  E 
+352.81  E+0.207  E2 

+  271.:.  K 
+305.2    E 

+      9  11  37  45  E 
+256.5    E 
+482       E 
+289.4    E 
+312.14  E 

+373.5    E— 0.033E2 
+312.87E 

+  31.0  E 
+  280       E 


plicated.     The  elements 
given  n :  'ince  lSTi*.  out  with  ccm- 

„    Mik'ntblu  dcvial 


ning  of  the  period  <(em<  beyond  doubt 


85  Dec.   11.7:1 
•":;  Mar.  12..". 


+  194.65  E 

+305.4    E—  0.0; 


5  E2 


.".  March 
87  March: 


+  575        E 
+  395        E    ? 


ill  Jan.      3.0 


+  184.95  E  +  0.13E- 


28.4 
35.9 
37.0 
43.3 


+  11  58  2691 

+    8  .-.0  2735 
+  23  4  1  2742 


4  23  59 


•     -47  52 


I 

uncertain 


*  tin-  period  seems  clearly  proved 

*  I  ■■  ariation  ■■!'  period. 

(     with  a  long  term. 


Elements  mere  guess-wort 


Period  several  months 


Elements    arc    Espin's.    verj    nncertain.     Sawyer's 
■  niflrrn  variability   but  give  do  period 
i  whether  the  marked  devia- 

tions from  uniform  period  art?  secular  or  not  is 
uncertain 
Irregular 


I  i  cry  uncertain 

Elements  inferred  by  Parkhurst  from  his  observa- 
tions 

d  finds,  very  uncertainly,  period  of 160d 


83  Sept.  15 

7.".  Mar.  14 
77  Dee.  31 

8  1  May 

82  Aug.  21.0 

09  May  2!).  17 


60  Mav   21.4 
82  May   12.0 

J69Apr.  25.666 
f>7  Sept.    4 
1764  Dec.  22.5 
63  May  17.0 


+  362 
+337 
+31 

+  210 

+  2.".  7 

+  1  15 

0 

+  22:1 
+  207 


.2 


E 
E 
E 

E 


2    E 

63  E  + 
21  20 

92E+0.102  K-' 
2    E 


+    17.27263  E  * 

+  251        E 

+  496.91  E— 0.2307  E- 
+  376.0    E 


Elements  very  uncertain 


Periodical  inequality  evident 
rery  uncertain 

Evidence  of  peri   dical  irregularity 
+12d  r,  sin  2*.51 
{  -r  4  ..".  sin  (5    i'  E+  63  I 
I.  Elements  provisional 

r  is  Gould's :  min.  precedes  max 

Signs  of  periodical  irregularity 


— 0d.00L276E4 

+80d  l 

[has  an  entirely  different  law 
Schoenfeld  favors  assumption  of  secular  shortening 
of  period;  ray  results  show  rather  periodical  irreg- 
'.    ularity 


49.2 

7  56.1 

8  11.0 
16.0 
30.0 

38 
is.:; 
51.0 
s  50.8 

9  2'J.7 

39.6 

42.2 

42.5 

9  54.5 

10  5.5 

(1.2 
is.  7 
Mi',  il 
3  7 .  il 
ll.i' 

46.8 
48.3 

10  55.6 

11  5.7 
33.3 

56.7 

11  59.1 

12  9.5 
1  1.5 
28.7 

31.9 
33  4 

36.0 
3D.6 

12  46.0 

13  20.9 
22.6 
24.2 

27.8 
44.6 


86  June 

80  May  25.4 


--.'is;;   E 
+  302.6  E 


Elements  inferred  by   l'arkhurst  from  h 

■ 

Elements  ervationin  1855 

Pcri-.d  probably  long  and  irrfirular 
Only  "in-  appearance  known 


+  22  1H 
—  12  34 
+  12  2 
+  17  3(1 
+  19  11 


2780 
2783 

2815 

285 

2946 

2976 

3060 


+  19  iM  310H 
+  .",  27  3170 
+  20  14  3  I  si; 
—  s  15  3184 
■62  iM  3418 


+  ;',4  58 
+  11  54 
—62  3 
+  21  17. 
—37  14 

—61  4 

+  14  .".1 

—  12  52 
+  69  18 
—511  10 

—  i'o  43 
+  14  1.". 

—  17  47 
+  60 
+   :;  56 

—  9  38 
f  19  -j  I 

—  5  28 

—  is  42 

—  3  52 


::i77 
3  4H3 
3495 
3567 
3633 

3637 

.".712 
3796 
3825 
3847 

3SS1 
3890 
3934 
3994 

11  Co 

1300 
4315 

4. ".7  7 
1(07 
1492 


+  60    3  4511 

+  7  33  Cn'l 
—68  51  1536 
+  61  3D  4557 
+   6    614596 

—  2  524805 

—  2  3914816 
—22  46  1826 

—  6  41  4S47 
+  40  2  4948 


82  Nov.   7 

80  June    9.0 
84  Sept.    :; 
82  Dec.   10 

80  June  23.0 


+ 1 23 


+  272.3 

E 

+266.5 

E 

+269.5 

K 

+  223.9 

E 

' 


13  59.6—  s  43  7.037 

14  5.0—12  50J5070 
9.4—59  27  5095 
H.4  +19  32  5097 

19.4  +16  46  5156 

19.5  +54  165157 

25.7  +39  185194 
25.1  +  84  17J5190 

32.8  +  27  105237 

14  3l.s— 17  1  I  5249 


ss 
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185^  n 

Red- 

Magni 

tune 

No. 

Sch. 

Star 

R.A. 

Decl. 

Annual  Variation 

Discoverer 

Date 

ness 

Max. 

Min. 

5274 

\V  Bootis 

h       m      s 

14  37     3 

+  27°   8.9 

+  2.S64 

—0.26 

Schmidt 

1867 

5.2 

6.1 

5338 

l    Bootis 

47   37 

+  18   17.1 

2.78 

0.25 

Baxeudell 

1880 

2.7 

9.1-  9.3 

12-13.6 

5374 

74 

8    Librae 

14  53   14 

—  7  50.1 

3.20 

0.24 

Schmidt 

1859 

(1) 

5.0 

6.2 

5430 

T  Librae 

15     2  28 

—19  27.8 

3.41 

0.23 

Palisa 

1878 

10.2 

<14 

5438 

Y  Librae 

4     2 

—  5   27.6 

3.16 

0.23 

Bauschinger 

1887 

81 

■> 

5465 

R  Triang.  austr. 

6  52 

—65  57.5 

:,.-::, 

0.23 

Gould 

1*71 

6.6 

8.0 

5484 

75 

1"  Coronae 

12   17 

+32  10.8 

2.45 

0.22 

Winnecke 

1*69 

0.0 

7.5 

8.9 

5494 

70 

S   Librae 

13     4 

—19  51.7 

3.43 

0.22 

Borrelly 

1872 

3.0 

8.0-  8.3 

<13 

5501 

77 

S  Serpentis 

14  52 

+  14  50.3 

2.81 

0.22 

Harding 

1828 

4.1 

7.6-  8.7 

12.5?  * 

J>  .3  04 

78 

S  Coronae 

15  29 

+  31  53.5 

2.44 

0.22 

Hencke 

1860 

4.9 

6.1-  7  8* 

11.9-12.5* 

5583 

X  Librae 

27  50 

—20  40.8 

3.47 

0.21 

Peters 

1878 

11? 

<14 

5593 

W  Librae 

29  40 

—15  41.5 

3.37 

0.20 

Peters 

1878 

11? 

<14 

5617 

I    Librae 

33  37 

—20  42.6 

3.48 

0.20 

Peters 

1878 

3.4 

9 

<14 

5667 

79 

R  Coronae 

42  36 

+  28  36.3 

2.47 

0.19 

Pigott 

1795 

0.5 

5.8      * 

13.0     - 

5677 

80 

R  Serpentis 

•    44     1 

+  15  34.6 

2.76 

0.19 

Harding 

1826 

3.7 

5.6-  7.6* 

13 

5682 

R  Lupi 

44     5 

—35  51.6 

3.87 

0.19 

Could 

1884 

9 

<11 

5675 

V  Coronae 

44  21 

+  40     0.7 

2.14 

0.19 

Duner 

1878 

5.9 

7.2-   7.7 

10.3-12.0 

5688 

81 

R  Librae 

45  24 

—15  48.1 

3.39 

0.18 

Pogson 

1858 

(2) 

9.2-10.0* 

<13     * 

5732 

82 

T  Coronae 

53  26 

+  26  20.1 

2.51 

0.18 

Birmingham 

1866 

(1) 

2.0      * 

9.5      * 

5770 

83 

R  Herculis 

15  59    t3 

+  18    15.9 

2.68 

0.17 

At  Bonn 

1855 

2.0  1   8.0-  9.2 

I 

<13     * 

5776 

X  Scorpii 

16     0     2 

—21     8.3 

3.52 

0.17 

Peters 

1876 

>11 

<13 

5795 

W  Scorpii 

3   18 

—19  45.3 

3.49 

0.16 

J.  Palisa 

1877 

10-11.2 

14.5 

5826 

84 

T  Scorpii 

8  25 

—22  36.7 

3.56 

0.16 

Auwers 

1860 

7.0      * 

<1-' 

5830 

85 

R  Scorpii 

9     1 

—22  35.0 

3.56 

0.16 

Chacornac 

1853 

0.9 

9.4-10.5 

<13 

5831 

86 

S  Scorpii 

9     2 

—22  32.0 

3.56 

0.16 

Chacornac 

L854 

(0) 

9.1-10.5* 

<13 

5856 

WOphiuchi 

13  36 

—  7  21.3 

3.23 

0.15 

Schonfeld 

1881 

3.0 

8.9-  9.5 

<13.5 

5860 

87 

0  Scorpii 

14     7 

—17  32.3 

3.44 

0.15 

Pogson 

1863 

9?       * 

<12     * 

5887 

V  Ophiuchj 

18  40 

—12     5.5 

3.33 

0.14     Duner 

1881 

6.6 

7.o 

9.6-10.5 

5889 

88 

U  Herculis 

19  23 

+  19   13.6 

2.65 

0.1  1 

Hencke 

1860 

6.5 

6.6-  7.8 

11.4-12.7 

5912 

89 

g    Herculis 

23  53 

+  42    12.2 

1.97 

0.13 

Baxeudell 

l.s  5  7 

(3) 

4.7-  5.5 

5.4-  6.0 

5928 

90 

T  Ophiucbi 

25  2  7 

—15   49.2 

3.42 

0.13 

Pogson 

I860 

lo       - 

<12.5    * 

5931 

91 

S  Ophiuchi 

25  55 

—16  51.1 

3.44 

0.13 

Pogson 

1854 

(1) 

8.3-  9.0* 

<13 

5950 

W  Herculis 

30     5 

+  37  38.1 

+  2.12 

0.13 

Duner 

1880 

3.2 

8.0-  8.4 

11.5-14 

5948 

1\  I  rsae  miu. 

31  57 

+  72  34.4 

—0.88 

0.13 

Pickering 

1881 

3.2 

8.6-  9.0 

10.5 

5955 

R  Draconis 

32   17 

+  6  7     3 . 5 

+  0.14 

0.12 

Geelmuydcn 

is  76 

2.0 

0.5-    S.7 

13 

6044 

92 

S  Herculis 

45  18 

+  15  11.4 

2.73 

0.11 

At  Bonn 

1856 

5.6 

5.9-  7.5 

11.5-13 

6083 

93 

Ophiuchi 

51   23 

—  12    lo.o 

3.36 

0.10 

Hind 

1848 

(5) 

5.5       * 

12.5     * 

6088 

V  Herculis 

52  58 

+  35   17.4 

2.17 

0.10 

Baxendell 

1880 

1.0 

9.5 

11.7 

6132 

94 

R  Ophiuchi 

16  59  27 

—15  53.7 

3.44 

0.09 

Pogson 

1 853 

4.5 

7.0-  8.1 

<12     * 

6181 

95 

a    Herculis 

17     8     2 

+  14  33.5 

2.7:1 

o.o7 

W.  Herschcl 

1  795 

(5) 

3.1      * 

3.9      * 

6189 

U  Ophiuchi 

9  11 

+    1    22.6 

3.04 

0.07 

v  G  puld   > 
t  Sawyer  $ 

l  1881  N 

(0) 

6.0 

6.7 

6202 

96 

u  Herculis 

11   58 

+  33   15.5 

2.21 

0.07 

Schmidt 

L869: 

(1) 

4.6      * 

5.4      * 

6268 

97 

Serpentarii 

21   57 

—21    21.2 

3.59 

0.06 

Fabricius 

L604 

>1      * 

?        * 

6368 

98 

X  Sagittarii 

38  26 

—27  46.2 

3.77 

0.03 

Schmidt 

1866 

(1) 

4        * 

6       * 

6472 

99 

W  Sagittarii 

17  55  45 

—29  34.9 

3.83 

—0.01 

Schmidt 

1866 

(1) 

5        * 

6.5      * 

6512 

100 

T  Herculis 

18     3  37 

+  30  59.9 

2.27 

+  0.01 

At  Bonn 

1857 

1.4 

6.9-  8.5 

9.8-12.7 

6573 

Y  Sagittarii 

12  51 

— l.s  55.2 

3.53 

0.02 

Sawyer 

1886 

I'M 

5.8 

6.6 

6624 

101 

T  Serpentis 

21   44 

+   6   12.5 

2.93 

0.03 

Baxendell 

1S60 

2.o 

:'. 1-10.5 

<13.5 

6633 

102 

V  Sagittarii 

22  51 

—18  21.5 

3.51 

0.03 

Quirliug 

1865 

0.6 

7.6 

8.8 

0636 

103 

l    Sagittarii 

23  21 

—19   13.3 

3.53 

0.03 

Schmidt 

1866 

3.7 

7.0      * 

8.3      * 

6682 

X  ( )phiucbi 

31   26 

+   8  42.3 

2.87 

0.05 

Espin 

1886 

(5) 

6.8 

9? 

6720 

104 

T  Aquilae 

38  47 

+   8  35.7 

2.88 

0.06 

Winnecke 

I860 

..... 

s.s          • 

10.0 

6733 

105 

I!  Scuti 

39  45 

—  5  51.4 

3.21 

0.06 

Pigott 

1  795 

(4) 

1.7-  5.7" 

6.0-  9.0 

6760 

k   Pavonis 

11   5.s 

—67  24.4 

6.23 

0.06 

Thome 

is  72 

4.0 

5.5 

6758 

106 

p1   Lyrae 

44  44 

+  33  11.8 

2.21 

0.06 

Goodricke 

L784 

(1) 

3.4      * 

4.5      * 

6794 

107 

R  Lyrae 

18  50  55 

+43  45.5 

+  1.83 

+  0.08 

Baxendell 

Is;,,; 

(4) 

4.0 

4.7 
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Greenwich 

Min. 

Mean  Time 

Max. 

Period,  etc. 

Remarks 

1900.0 
K.A.     1    Decl. 

No. 

d      h      m 

d      h      m 

d       fa       m       s 

Period  long  and  irregular.    Variability  confirmed 
by  Schwab 

Algol-type 

s  Gould's,  Epochs  of  max  and  min.  inferred 

from  Cordoba  observations 

Llgo  -type 

-  .-.I  sin  (5*E+a0#) 

Park  hurst  confirms  variability 

Uj    observations   confirm  variability,  but  give  no 

h       in                o      l 

14  39.0  +26  •"■: 
4:i.7+18    6 

11  55.6  —  8    7 

15  5.0—19  38 
6.4  —  5  38 

5274 
5338 

5374 
5430 
5438 

5465 

5  1 8  1 
5494 
5501 
5504 

5  5. S3 
.',593 
5617 
5667 
5677 

5682 
5675 

5688 
5732 
577ii 

5776 
5795 
5826 
5830 
5831 

5856 
5860 
5887 
5889 
5912 

5928 
5931 
5950 

5948 
5955 

6044 
6083 

80  Mar.  25.5 
78  May   30 

+  173.8    E 

+      2    7  51  22.8  E 

+  723        E 

67  Oct.    25    9  17.5 

71  July  12  16 
88  Jan.     0  13    8 
79  Dec.  23 

71  July    14  15 

80  Apr.      1 
28  Apr.     2.5 
82  May   16.8 

+     3    9  35  E                 + 
+     3  10  51    8.6  E 
+  192.3    E 
+365.25  E 
+360.57  E 

10.8 
14.1 
15.6 
17.0 
17.3 

30.4 
32.2 

36.2 

44.4 
46.1 

47.0 
46.0 
47.9 

15  55.3 

16  1.7 

2.7 

5.9 

11.1 

11.7 

11.7 

16.0 
16.7 
21.2 

21.4 
25.4 

28.0 
28.5 
31.7 
31.3 

32.4 

47.3 
53.9 

16  54.6 

17  2.0 
10.1 

11.5 
13.6 
24.6 
41.3 

17  58.6 

18  5.3 
15.5 
23.9 

25.5 
26.0 

33.6 
41.0 
42.1 
46.6 
46.4 

—66    8 
+  32     1 
—20    2 
+  14  40 
+■31  44 

—20  50 

—  15  51 
—20  52 
+  28  28 

+  15  26 

—36    0 
+  39  52 
— 15  ■'**'< 
+  26  12 
+  18  38 

—21   16 
—19  52 

—22  4  1 

22  12 

—22  39 

—  7  28 

—  17  39 

—  12  12 
+ 1 9     7 
+  42    6 

— 15  55 
—16  57 

+  37  32 
+  72  29 
+  66  58 

+  15    6 

—  12  45 

82  Jan.   16 

Irregular 
-H5d  sit          i 

•  very  uncertain 
Nov* 

27  May     2.0 

+357.6     E 

78  Oct.    13.8 

58  Apr.     6 

f359.5    E 
+  730        E 



65  July    18.0 

+  318.4     E 

■  1:."  E+SM°) 
Parkhurst  thinks  the  changes  are  irregular. 

There  is  strong  evidence  of  marked  inequality  of 
abort  term,  in  the  period 

Period  328d.8  will  also  repr            B               ''serra- 
tion 

1            M  appearance  known 

("Older  data  conflict  with  elements  derived  from  ob- 
1885.     Hence  period  is  perhaps 
L    not  ni: 

i          ilar;  limits  of  variation  from  Sawyer's  observa- 
tions 

Very  rude  approximation  to  the  elements 

Safarik  has  period  of  S           ■                -tar  has  secon- 
dary fluctuations,  and  irregular  period. 

Elements  represent  Lalaode's  and  the  DM.  observa- 
tions 

j+55d  sin  i  :»..->  E+1000) 
I  Elements  provisional 



76  May    18 

82  Apr.    14.0 
79  Dee.   28.0 

81  July    L8 

+224.3     E 

+224.5    E 

+  176.7     E 

+  323.6     E 

74  Apr.  30 
82  Mar.     3.0 

+  307        E 
+410.5    E 

81  Sept.    9 

70  FeL.   23 
65  Mar.     4.4 
79  June  12 

+  361        E 

+233.8    E                     * 

+  288.7    E 
+  180       E? 

+  245.9    E 

+  309.0    E 

81  May  28 

81  July    15 
58  June     5.0 

56  Sept.    1 

56  Mar.  27 

83  Nov.    5 
65  Oct.    21.7 

-  i    :    e 

+302.4    E                      * 

Additional  observations  only  can  distinguish  which 
is  the  correct  period 

Irregular.    Period  two  or  three  months  with  wide 
fluctuations  from  the  mean 

.  gol-type 
("Period    subject   to   many   anomalies.      Very  rapid 
mdary  oscillations  near  minimum  remarked 
'..     by  Schmidt,  confirmed  by  Schwab 

+  .",5  13  6088 
—15  58  6132 
+  14  30  6181 

+    1  19  6189 
+  33  12  6202 

—  21  24  6268 

81  July   17  15  33.52 

+     0  20    7  41.6  E— 

40      ? 

83  July     8.867 
83  Aug.  12.268 

67  Dec.  22.3 
86  Sept.  23.51 

83  July    11.743 
83  Aug.  15.425 

68  Alar.     9.3 
86  Sept.  25.31 
67  Dec.     2.1 

+      7.01185  E                * 
+      7.59445  E 

+  164.75        E 

+     5.7690    E 

+  342.3           E                * 

M        vestigation  gives  merelv  nominal  corrections 
"choenfeld's  elements,  which  are  therefore  re- 
l.    tained 

+5d  sin  (7».2E+57*.6) 

Irregular 

Period  three  to  Ave  month*,  and  irregular 
Argelanders  period  witn    provisional    epochs  de- 
termined from  observations  1885-87 

r+Os.4217  E2  — Os.00007  & 
W.  M    Reed's  elements 

Liry  minimum  about  midway 

u  ml  from  Saw- 

■  - :  ■  bsen  attorn 

—27  48 
—29  35 

+  31     0 
—18  54 
+   6  14 
—18  20 
—19  12 

+   8  45 
+  8  38 
—  5  49 
—67  21 
+  33  15 

6368 

6472 

6512 
6573 
6624 
6633 
6636 

6682 

6726 
6733 
6760 
6758 

;83  Aug.  14.658 

83  Aug.  17.624 

+     6.74493  E 

86  July   18 
71  Nov.  29.8 

55  Jau.     6  14  28.7 

87  Oct.      1 

86  Aug.  22 

71  Dec.     3.8 

+71.1       E 

+     9.097  E 

-1-12  21  46  58.34           t 

+   46.0       E 

87  Oct.    16 

18  52.3; +  43  49  6794 
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No. 

Sch. 

Star 

18! 
R.A. 

>5.0 

Decl. 

Annual  Variation 

Discoverer 

Date 

Red- 
ness 

Magnitude 
Max.                Miu. 

6806 

108 

s  Coronae  austr. 

h         m        s 

18  51    22 

o 

—37 

8.6 

+  4.06 

+  0.08 

Schmidt 

1866 

<9.5 

13.0 

6811 

109 

1!  Coronae  austr. 

52     8 

—37 

8.8 

4.06 

II. us 

Sch  niidt 

1866 

9.8-11.5 

13.2 

6812 

T  Coronae  austr. 

52   12 

—37 

9. 

4.06 

0.08 

Schmidt 

1876 

<9.8 

13 

6849 

110 

K  Aquilae 

18  59  23 

+   8 

0.8 

2.89 

0.09 

At  Bonn 

1856 

5.5 

6.4-  7.4* 

10.9-11.5 

6903 

111 

T  Sagittarii 

19      7   52 

—17 

13.2 

3.46 

0.10 

Pogson 

1863 

6.5 

7.6-  8.1* 

<11       * 

ii  2 

R  Sagittarii 

8   11 

—  19 

33.5 

3.52 

0.10 

Pogsou 

1858 

3.6 

7.0-  7.2* 

<12       * 

6921 

113 

s  Sagittarii 

10  57 

—  19 

17.1 

3.51 

0.10 

Pogson 

1860 

(0) 

9.7-10.4* 

<13 

6984 

U  Aquilae 

21   33 

—  7 

20.3 

3.23 

0.12 

Sawyer 

1886 

(0) 

6.3 

7.3 

7045 

114 

R  Cygni 

.",2  56 

+49 

52.5 

1.61 

0.13 

Pogson 

1852 

6.0 

5.9-  8.0* 

<13 

Tim 

115 

11  Vulpeculae 

41   37 

+  26 

57.7 

2.46 

0.14 

Authelm 

L670 

3       * 

v        * 

7106 

116 

S  Vulpeculae 

42  27 

+  26 

55.7 

2.46 

0.15 

J  Hind          > 
i  Baxendell  ( 

S 1861  > 
1 1862  S 

3.0 

8.4-  8.9* 

9.0-  10.0 

7120 

117 

X    cygQi 

45     0 

+  32 

33.0 

2.31 

0.15 

Kirch 

1686 

6.3 

4.0-  6.5 

13.5 

7124 

118 

r,   Aquilae 

45     5 

+   0 

38.2 

3.06 

0.15 

Pigott 

17*4 

(2) 

3.5      * 

4.7     * 

7149 

S   Sag'ittae 

49   25 

+  16 

15.4 

2.73 

0.15 

( tore 

IS  85 

(0) 

5.6 

6.4 

7192 

Z  Cygni 

19  57  21 

+  49 

38.4 

1.70 

0.16 

Espin 

1887 

(7) 

7? 

14? 

7220 

119 

S   Cygni 

20     2  28 

+  57 

34.2 

1.26 

0.17 

At  Bonn 

I860 

5.1 

8.8-11.3 

<13       * 

7234 

1 20 

U  Capricorni 

3   10 

—  14 

41.6 

3.37 

0.17 

Hind 

1848 

(1) 

8.8-  9.7* 

<13       * 

7242 

121 

S  Aquilae 

4  57 

+  15 

11.5 

2.76 

0.17 

Baxendell 

1863 

0.8 

8.4-10.1 

10.7-11.8* 

7252 

W  Capricorni 

5  57 

—22 

24.9 

3.54 

0.17 

Peters 

1872? 

11? 

11  r 

7257 

122 

R  Sagittae 

7  27 

+  16 

17.4 

2.74 

0.18 

Baxendell 

1859 

0.8 

8.5-  s.7* 

9.8-10.4* 

7261 

123 

R   Delphini 

7  55 

+   8 

39.1 

2.90 

O.l. s 

\  l  [encke        t 
/  Si  hoenfteld  S 

(,  1851  > 
1  1859  5 

4.0 

7.6-  9.0 

11.1-12.8 

7285 

124 

P   Cvgni 

12  27 

+  37 

35.1 

2.21 

0.18 

Jansen 

L600 

(2) 

3-  5    * 

<6      * 

7299 

125 

D  Cygni 

15     7 

+  47 

26.3 

+  1.86 

0.19 

Knott 

1871 

9.3 

7.0-  8.1 

9.4-11.6 

7194 

126 

R  Cephei 

34  37 

+  88 

41.0 

—42 

0.21 

Pogson 

1856 

0.5 

5?      * 

10?      * 

7431 

127 

S   Delphiui 

36  24 

+  1G 

34.2 

+  2.76 

0.21 

Baxendell 

1860 

6.0 

8.4-  9.0 

10.4-12.0 

7428 

V  Cygni 

36  38 

+  47 

37.5 

1.94 

0.21 

Birmingham 

1881 

8.3 

6.8-  9.5 

13.5 

7437 

X  Cygni 

37  44 

+  35 

4.0 

2.35 

0.21 

Chandler 

1886 

(0) 

6.4 

7.2-  7.7 

7444 

1 28 

T  Delphini 

38  38 

+  15 

52.5 

2.78 

0.21 

Baxendell 

1863 

2.0 

8.2-10.3 

<13     * 

745,-) 

129 

U  Capricorni 

40     4 

-15 

18.8 

3.35 

0.22 

Pogsou 

1858 

10.2-10.8* 

<13     * 

7456 

RR  Cygni 

41     3 

+  44 

20.4 

2.08 

0.22 

Espin 

1888 

(6) 

8? 

9.5? 

7459 

130 

T  Cygni 

41   24 

+  33 

50.6 

2.39 

0.22 

Schmidt 

1864 

(1) 

5.5?    * 

6?       * 

7468 

131 

T  Aquarii 

42  17 

—  5 

tO. 9 

3.17 

0.22 

Goldschmidt 

1861 

1.2 

6.7-  7.8 

12.4-13.0 

7  is:; 

T   Vulpeculae 

45  19 

+  27 

42.3 

2.54 

O.L'L' 

Sawyer 

IS  85 

(0) 

5 . 5 

6.5 

7488 

Y   Cygni 

46  16 

+  34 

7.0 

2.39 

0.22 

Chandler 

1886 

(0) 

7.1 

7.9 

7560 

132 

R  Vulpeculae 

57  56 

+  23 

14.9 

2.66 

0.23 

At  Bonn 

1858 

2.0 

7.5-S.5  * 

12.5-13.6 

7571 

V   Capricorni 

20  59     9 

—24 

30.2 

3.50 

0.2  1 

Peters 

1867 

:>.:>■; 

14? 

7.->77 

X  Capricorni 

21     0  15 

—21 

55.8 

3.45 

0.24 

Peters 

1872? 

11.5? 

<14 

7609 

T  Cephei 

7  33     +G7 

54.4 

0.82 

0.2  1 

Ceraski 

1878 

6.3 

5.6-  6.8 

9.5-  9.9 

7659 

133 

T  Capricorni 

14     0    —15 

46.4 

3  32 

0.25 

Hind 

1 85  1 

(2) 

8.9-  9.7* 

<13     * 

7754 

W  Cygni 

30  34     +44 

43.7 

2.27 

0.27 

t  .ere 

1885 

(5) 

6.1-  0.3 

6.7 

7787 

Cygni 

36     1     +42 

11.0 

+  2.36 

0.27 

Sclmiidl 

1876 

(3) 

3 

13.5 

7779 

134 

S   Cephei 

36  57 

+  77 

58.2 

—0.60 

0.27 

Hencke 

IS5.S 

9.1 

7.4-  8.5* 

11.5      * 

7803 

135 

fi   Cephei 

39     4 

+  58 

7.0 

+  1.83 

0.27 

(Hind           > 

t  Ar^i'lnnder ) 

1848 

6.2 

4?      * 

5?       * 

7907 

('  Aquarii 

21   55  24 

—  17 

19.5 

3.29 

0.29 

Peters 

1 88 1 

10? 

14? 

7944 

136 

T  Pegasi  • 

22     1  49 

+  11 

49.9 

2.93 

0.29 

Hind 

lsi;:; 

(3) 

8.5-  9.3 

<13 

7994 

R  Piscis  austr. 

9  45 

—30 

19.6 

3.43 

0.30 

(  rOuld 

1884 

5.7? 

<11? 

8073 

137 

6"   Cephei 

23  48 

+  57 

40.4 

2.21 

0.31 

( roodricke 

1  784 

(2) 

3.7      * 

4.9       * 

nii'.i:; 

R  Indi 

25  36 

—68 

2.1 

4.40 

0.31 

(Jon  Id 

1 884 

9? 

11? 

8153 

R  Lacertae 

36  50     +41 

36.8 

2.65 

0.31 

Deickmuller 

1883 

1.8 

8.6-  9.3 

<1."..5 

8230 

138 

S   Aquarii 

49  20     _i>i 

7.0 

3.23 

0.32 

Argelander 

1853 

4.0 

7.7-  9.1* 

<12.5 

8273 

139 

,)'    Pegasi 

56  45     +27 

17.8 

2.90 

0.32 

Schmidt 

is  [7 

(2) 

2.2      * 

2.7      * 

S290 

I  in 

R  Pegasi 

22   59   22     +    :i 

15.7 

3.01 

0.32 

Hind 

IMS 

(4) 

6.9-  7.9 

<13 

8373 

141 

S   Pegasi 

23   13   13 

+   8 

7.6 

3.03 

o..",:; 

Marth 

L864? 

1.7 

7.3-  8.0 

<13 

8512 

142 

R  Aquarii 

36   19 

—16 

5.3 

3.11 

0.33 

Harding 

1811 

4.3 

5.8-  s..v 

11?     * 

8588 

R  Phoenicis 

48  ■'<■'> 

—50 

35.6 

3.1  1 

0.33 

Could 

1 88  1 

ll  ? 

8597 

V  Ceti 

50  29 

—  9 

46.1 

3.08 

o.:;;; 

Peters 

1879 

9.7? 

14? 

8600 

143 

R  Cassiopeae 

23  51     4 

+  50 

34.9 

+  3.01 

+  0.33 

Pogson 

1853 

6.5 

4.8-  7.0 

9.8-  12 
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Greenwich  Mean  Time 
Min.  Max. 


56  Mar.  23 


|56  Aug. 
S3  July 


86  Sept.  17.5 


69  June  28 
69  Nov.  20 
,86  Sept.  20.0 
81  Aus:.    7 


Period,  etc. 


6 
30.5 


Remarks. 


85  Apr.    7.5 


88  Jan.    4  3  32 
85  Dec.    1  9  36 


85  Apr.  27.8 
L763  May  26.76 
88  Jan.  *  6  12  32 
85  Dec.     4    9  36 


+352.3  E  —0.4  E- 
+  384      E 

+  270      E 
+  230      E 
+     7.033  E 
+  425.7      E 


+   67.80    E 

+  406.045  E 

+      7    4  14    0.0  E 

+89  11.0  E 


70  Jan.  29.2 
73  May    1.03 


65  July 

64  Sept. 


9.2 
3 


85  Sept. 


77  Feb.  21.5 
73  May  10 


69  July    13.6 
77  Oct.      9.6 


86  Oct.    7  23  56 


81  Feb.  15.5 
85  Nov.    1  19    8.6 
88  July  15  19    8 
65  July  19.0 


73  Feb.    6 


73  Aug.  22 

81  June     1 
86  Oct.    13  14  20 
84  Sept.  10.0 
72  Sept.  19 


84  Oct.   12 


si  May  10.5 

85  Nov.    2  20  35.0 

65  Sept.  20.0 

86  Sept. 
85  Sept. 

73  Aug.  23 

66  Nov.  13.2 
184  Dec.    13 


+  323.3  E  —0.067  E- 
+  347      E 
+  146.71  E 
+  425        E? 
+   70.43  E 

+  284.0  E 
+  461.3  E* 


Schmidt  formerly  thought  period  is  six  days;  but  his 
observations  since  lSSl  throw  doubt  on  periodicity 

In  treat  end  of  a  small  nebula 

4s  foil.  R  Coronae  uu*tr. 

Elements    provisional,    but     rapid    shortening    of 
period  pretty  certain 


Elements  of  J.  BaxcndcII,  Jr. 
S  t0d.00574  E2  +Od.0O00I7S  EH 
t  Elements  provisional. 

Elements  adopted  are  a  correction  of  4-lh  4.1m  of 
Argelander's  epoch  400,  and  of — I-  of  his  period 


Elements  from  Parkhurst's  observations;  very  un- 
certain 
I  Type  of  Beta  Lyrae.     Secondary  minimum  follows 
(      principal  one  34d.y.    Evidence  of  systematic  but 
(.     small  deviations  from  uniform  period 


+  277.0  E 

+423      E? 
+    15  14  24  E 
+331.9  E 

+  203.5  E 


I      Elements  are  BaxendeH's 

fSchoenfeld  thinks  period    somewhat   less  than  a 
J     year;  Schmidt  s  obsns.  confirm  ;  variations  gener- 
ic ally  between  8.0  and  8.5. 
Evidence  of  periodic  inequality 

A  secondary  maximum  follows  principal  one,  two  or 
three  months 

Bright  and  faint  minima,  but  not  regularly  alternat- 
ing 

Large  deviations  from  a  mean  period 


80  Sept.  16 


81  Mav    16 


69  Nov.  14 


88  Jan.     0  15  57.0        88  Jan.     2    6  32.5 


83  Dec.  14 

67  Alio-.  11 


50  Dec.  6 
77  Dec.  19 
11  Nov.  30.6 


54  Feb.  10      ? 


86  Sept. 

54  July     9.5 


+  2(13.3  E 
+     4  10  29.0  E 
+      1  11  56  48 
+  136.9  E  + 

+310     E? 
+  210     E? 
+  383.2  E 
+  269.4  E 
+  126      E 


+  484      E 
+432? 


+  373      E 


Period  about  one  year,  but  variations  in  some  yearB 
scarcely  noticeable 


Algol-type.     Large  anomalies  in  period 
r_1)d  sin  (4°E-K>lF0) 

J  Schoenfeld  had  a  term  — 0.06  E2,  but  later  observa- 
l,    tions  do  not  confirm  it 

Elements  from  Parkhurst's  observations,  but  uncer- 
tain 


+      5    8  47  39.974        | 


+  315      E 
+  279.3  E 


+378.1  E  +0d.17  E2 
+  317.5  E 

+  387.16  E+ 


+  273      E? 
+  429.0  E  + 


Argelander's  period  fmm  his  observations  1848-64; 

but  those  of  Schmidt  since  lKiitJ  do  not  confirm  it 
Parkhurst's  observations  confirm  variability,  but 

give  no  maximum 
There  is  apparently  a  large  periodical  inequality  of 

short  term 


Argelander's  elements 


Elements  very  uncertain 


often  nearly  constant  for  many  months 


35dsin  tlOOE+2350) 


Elements  from  Parkhurst's  observations,  and  uncer- 
tain 


28d  smilO*  E+3460) 


1900.0 

R.A. 

Deel. 

No. 

Il      01 

O    1 

18  54.4 

—37    5 

i806 

55.2 

—37    5 

18 1  1 

55.3 

—37     5 

58 1 2 

19     1.5 

+   8     5 

1849 

10.5 

—  17     !) 

S903 

10.8 

—19  29 

6905 

13.6 

—  19  13 

6921 

24.0 

—  7  15 

;n.si 

34.1 

+  49  58 

7045 

43.5 

+  27    4 

7101 

44.3 

+  27    2 

7106 

46.7 

+  32  in 

71201 

47.4 

+    0  45 

7121 

:<  l .  I 

+  16  22 

7149 

19  58.6 

+49  46 

7192 

20    3.4 

+  57   \-J 

7220 

5.7 

—14  34 

7234 

7.0 

+  15  19 

7242 

8.6 

—22  17 

7252 

9.5 

+  16  25 

7257 

10.5 

+   8  47 

7261 

14.1 

+  37  43 

72S5 

20  16.5 

+47  35 

7299 

19  58.9 

+  88  50 

7194 

20  38.5 

+  16  44 

7431 

38.1 

+  47  47 

7428 

39.5 

+  35  13 

7437 

40.7 

+  16    2 

7444 

42.6 

—15    9 

7455 

42.6 

+44  30 

7456 

43.2 

+  34    0 

7459 

44.7 

—  5  31 

7468 

47.2 

+  27  52 

7483 

48.0 

+  34  17 

7488 

20  59.9 

+  23  25 

7560 

21     1.8 

—24  19 

7571 

2.8 

—21  45 

7577 

8.2 

+  68    5 

7609 

16.5 

—15  35 

7659 

32.3 

+  44  56 

7754 

37.8 

+  42  23 

7787 

36.5 

+  78  10 

7779 

40.4 

+  58  19 

7803 

21  57.9 

—17  16 

7907 

22    4.0 

+  12    3 

7944 

12.3 

—30    6 

7994 

25.4 

+  57  54 

8073 

28.9 

—67  48 

8093 

38.8 

+  41  51 

8153 

51.7 

—20  53 

8230 

22  58.9 

+  27  32 

8273 

23    1.6 

+  10    0 

8290 

15.5 

+   8  22 

8373 

38.6 

—15  50 

8512 

51.3 

— 50  21 

8588 

52.8 

—  9  31 

s.V.i  7 

2353.3 

+50  5C 

8600 
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{Continued  ft 
one-U  nth  of  the  right-ascension,  expressed  in  time-seconds,  for 
theequinox  1000.0.  The  precept  need  uotbe  rigorously  applied 
where  two  or  more  variables  occur  within  a  few  seconds  of 
right-ascension,  as  it  would  be  better  to  deviate  from  the 
strict  order  by  one  or  two  units  than  to  disturb  numbers  al- 
ready affixed. 

The  numbers  of  this  catalogue  have  been  taken  in  accord- 
ance with  these  principles;  and  it  is  respectfully  submitted 
to  the  judgement  of  astronomers  whether  the  system  deserves 
general  adoption. 

The  selection  of  the  stars  to  be  included  in  the  catalogue 
has  been  a  delicate  task,  whose  difficulty  can  only  be  appre- 
ciated by  those  who  are  familiar  with  the  confusion  which  so 
easily  creeps  into  this  branch  of  astronomy,  and  who  have 
had  occasion  to  undertake  the  discouraging  and  thankless 
labor  of  bringing  order  out  of  the  chaos,  by  the  careful  and 
continuous  observation  necessary  to  discriminate  the  actual 
rases  of  variability  from  the  numerous  pseudo-variables  with 
which  the  periodicals  of  the  day  are  filled. 

Considering  it  extremely  desirable  that  no  star  should  be 
placed  in  the  list,  no  matter  how  high  the  authority  on  which 
its  variability  is  asserted,  without  independent  verification,  I 
have  had  under  observation  a  large  number  of  stars  during 
the  last  few  years  with  this  especial  object  in  view.  Mr. 
Swvyer,  also,  has  similarly  followed  an  extensive  list,  gen- 
erally of  the  brighter  class ;  and  I  have  had  the  inestimable 
advantage  of  access  to  his  results,  and  of  consultation  with 


om  paye  83.) 
him  as  to  the  propriety  of  the  insertion  of  many  of  these 
stars.  Another  class  of  variables,  mainly  those  discovered 
by  Dr.  Peteks,  which  I  found  considerable  difficulty  in 
keeping  track  of  with  insufficient  optical  means,  has  been 
assiduously  and  effectively  observed  by  Mr.  H.  M.  Pauk- 
hurst,  and  his  series  of  observations  has  been  the  main 
reliance  for  the  attestation  of  the  variability  of  these  faint 
stars.  Without  the  cordial  collaboration  of  these  gentlemen 
the  present  work  would  have  been  much  less  complete. 

Two  remarks  remain  as  to  the  selection  of  the  stars. 
First,  all  stars  of  Schonfeld's  catalogue  have  been  retained, 
although  there  appears  to  be  perhaps  a  slight  ground  for 
doubt  as  to  one  or  two  of  them.  Thus,  for  instance,  I  have 
never  been  able  to  detect  any  trace  of  fluctuation  in  3  Orion  is. 
and  I  believe  Sawyer  has  a  similar  experience.  But  its  re- 
jection cannot  be  justified  on  this  ground  alone,  in  the  face 
of  high  authority  in  favor  of  the  variability.  Secondly,  as 
to  the  additions,  I  have  had  in  mind  as  a  paramount  object 
that  our  knowledge  must  be  kept  clear  of  confusion,  even  at 
the  risk  of  an  incomplete  statement  of  it ;  and  that  the 
omission  of  a  star  actually  variable  is  not  as  injurious  an 
imperfection  in  the  catalogue  as  the  insertion  of  one  which 
is  not  so.  Therefore,  where  a  reasonable  doubt  has  ap- 
peared to  exist  as  to  any  star,  it  has  been  excluded  until  it 
could  be  further  examined.  A  list  of  some  of  these  cases 
is  given  below,  with  a  succinct  statement  of  the  reasons  for 
their  omission. 


NOTES    RELATING   TO   STARS    NOT    INSERTED    IN    THE    CATALOGUE. 

Positions  for  Equinox   1S55.0. 


lh  18'"  31s     —4°  40'.9 
Gould  thinks  certainly  variable.     Sawyer's  observations 
show  no  trace  of  fluctuation  ;  his  numerous  estimates,  ransino- 
over  a  long  period,  all  lie  between  6.5  and  6.8. 

1"  27'"  11s     +11°  48'.6 
In  Borrelly's  list,  Bull.  Astron.  II.     Gore  thought  near 
maximum  1885  Nov.  30,  but  observed  only  slight  variability 
in  1886.     Sawyer  thinks  it  is  not  variable. 


lh  33™  08 


21'.6 


Safarik  thinks  variable  from  8.4  to  9.2,  from  his  obser- 
vations 1887  Oct.  to  1888  Feb.  19  ;  period  probably  longer 
than  four  months. 

3"  41"'  9s     +35°  16'. 7 

K  \m  suspects  variability  ;  see  A.N.  CX,  181.  By  my  ob- 
servations 1888  April  2,  and  Aug.  11,  it  must  have  been 
below  11.5  or  12.0. 

3h45ra26s     +7°  20'. 6 
Gould  thought  certainly  variable,  from  6.8  to  8.0.     My 
observations  seem  to  favor  fluctuation,  but  I  desire  to  con- 
tinue them  before  pronouncing  definitely. 


41.  48"  is-     —16°  39'.3 
Gould's  R  Eridani.     Sawyer's  observations  do  not  show 
any  change  of  light. 

4»  .-,:!'"  11s     —12°  45'.  1 
Gould's  £  Eridani.     Sawyer's  observations  do  not  show 
any  change  of  light. 


5"  21"'  48s 


-4°  49'.  1 


Safarik  thinks  variable  by  several  magnitudes. 
Ononis.     See  V.J.S.  1884,  p.  145. 


Near  S 


5"  •.>•.,",  22s     —1°  11 '.7 
(iiu  in  says  it  appears  to  be  variable  from  4^  to  6.     Tin- 
star  is   very  red.      Gore   thinks    his    observations   confirm 
variability. 

5"  2?"  10s     +10°8'.l 
Gould  thinks  variable,  from  discordance  of  Cordoba  esti- 
mates,  5.7  to  o'.7.     Other  observations  do  not  appear  to 

confirm. 


6"  12'"  5  1- 
Espis  suggests  variability. 


+  47°  4:V.5 

X"t  vet  confirmed. 


X"    lso. 
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7"  21ra  3s  —11°  15'. 9 
Espin  asserts  variability  and  assigns  a  period  of  fourteen 
days  :  in  which  he  is  confirmed  by  Jackson.  But  Sawyer, 
Yen  dell  and  myself  have  carefully  followed  it  without  de- 
tecting the  slightest  change.  I  consider  the  constancy  of 
its  light  practically  demonstrated. 

71  35m  15s     _3i°  19/.6 
Gould's  R  Puppis.     Neither  Sawyer's  observations  nor 
mine  show  any  unsteadiness  of  lustre. 


71.43m  n. 


10°  17'.5 


Gould's  T  Puppis.  Sawyer  has  followed  the  star  as 
closely  as  the  low  altitude  of  the  star  in  this  latitude  will 
permit,  and  has  yet  found  no  confirmation. 

8i.  p.  34s     -fi9°50'.0 
Peters  announced  as  variable.  A.N.  CII.  147.     My  ob- 
servations do  not  confirm,  but  are  indecisive.     Parkhurst 
thinks  that,  if  variable,  it  may  possibly  be  of  Algol-type, 
but  the  evidence  of  change  by  his  observations  is  also  slight. 

10h  0m  42s     —51°  29'. 0 
Gould's  R  Velorum.     As  he  gives  no  period,  and  there 
are  no  other  confirmatory  observations,  I  have  considered  it 
safer  not  to  insert  it  in  the  catalogue. 

10d  49'"  30s     —59°  44'.8 
Gould's  T  Carinae.     Upton's  comparisons  in  1883  seem 
to  confirm,  but  the  observed  limits  of  variation  are  so  small 
that  I  think  more  evidence  is  essential  before  classing  it  with 
the  known  variables. 

12"  26'"  47-     —22°  35'.7 

p  Corel.  Sawyer's  observations  seem  to  show  clearly  the 
variation  of  this  star,  but  he  agrees  with  me  that  it  is  better 
to  await  confirmation  before  inserting  in  the  catalogue.  See 
A.2T.  CXI,  271. 

13"  26m  58s     —12°  28'. 0 

Schmidt  thought  variable,  and  Gould  that  the  Cordoba 
estimates  confirmed  it,  and  the  latter  suggested  the  name 
Y  Virginis.  Sawyer,  however,  has  eight  observations,  in 
different  years,  all  within  the  narrow  range  6.0  to  6.25  ;  and 
he  is  very  skeptical  as  to  its  variability.  The  star  is  very 
difficult  to  observe,  which  may  account  for  the  discordances. 
See  my  note  H.C.O.  Annals,  XIV,  Part  II,  p.  456,  star 
Xo.  22'.i:i. 

14h  56m  20s     —68°  9.4 

Gould's  T  Tricing,  austr.  He  says  it  is  variable  between 
7.0  and  7.4,  in  a  period  which  differs  but  little  from  a  mean 
solar  day.  The  assigned  limits  are  so  narrow  that  con- 
firmation by  other  observations  is  desirable,  to  justify  its 
insertion  in  the  catalogue. 

15"35m17k     —10°  27'.  7 
"Weiss  says  it  is  variable  from  7.0  to  8.8,  in  a  period  of 
about  four  months.     My  observations  yet  do  not  enable  me 
to  confirm  the  variation  certainlv. 


15"37m55s     — 20°  40'.8 
Peters  announced  the  variability,    A.N.   CII,   147.     My 
observations  furuish  no  decisive  evidence  in  the  matter. 

16"  20'"  47-  —19°  ll'.o 
Peters  announced  the  variability,  A.N.  XC'IX,  120.  Mv 
observations  indecisive.  Parkhtjkst  says  lie  lias  never  been 
able  to  see  this  star,  and  he  mentions  it.  iu  a  private  letter. 
as  1  nie  of  the  three  stars  of  Peters  which  he  has  not  vet 
been  able  to  confirm. 

18"  1'"  54s     +28°  44'.4 
oHerculis.     See  my  note,  H.C.O.  Annals.  XIV,  Part  II, 
p.  464,  No.  3048. 

19"  9"'  53s    —19°  19'.4 
Safarik  thinks  his  observations  show  variability  between 
9.4  and  10.1.     Near  S  Sagittarii,  with  which  he  confounded 
it,  when  first  undertaking  to  observe  the  latter. 

19"  15"'  13s     +17°  23M 
Espin's  suggestion  of  variability  is  very  likely  correct,  al- 
though my  observations  do  not  yet  confirm  it  certainly. 

19h  26"'  15'  +17°  26'. 0 
I  have  given  the  evidence  which,  it  seems  to  me,  render 
the  variability  almost  certain,  in  the  Science  Observer,  Nos. 
43-44,  Vol.  TV.  It  lies  0\7  foil.,  north  2'.2,  DM.  +  1 7 .:'.<-»'.» 7 . 
I  have  looked  for  it  at  least  fifty  times  unsuccessfully,  when 
it  must  have  been  below  13. 

lit'1  27m  13s     —25°  2'.0 
Gould  thinks  variable  between  limits  wider  than  5.3  to 
6.7.     Sawyer    has    three    observations   iu   1882,    1886   and 
1887,  giving  accordantly  5.9  or  6.0. 

19"  55'"  18s     +30°  25'. 6 
Espin  suggests  variability.     Not  yet  confirmed. 

20"  5'"  3s     +47"  25'. 4 
Espin  alleges  variability.  7.7  to  8.9.     My  estimates  so  far 
perfectly  accordant,  8.9  or  9.1. 

20"  8'"  7s     +38°  17'.4 
Espin  alleges   variability,    6.6   to  8.0.     My  observations 
indicate   that  there  is  some  possibility  of  change,  but   tin- 
star  is  close  to  another,  and  difficult  to  adjudge  properly. 

20"  8'"  37s     —21°  45'.6 
Safarik  thinks  his  observations  show  fluctuation  of  six- 
tenths  of  a  magnitude.      SECCni  had  previously  marked  it 
■•  var.  ?  "  in  his  Prodromo. 

20"  23'"  34s      +39°  29'. 9 
Espin  alleged  variability,  7.9  to  9.2  ;  afterwards,  in  1886, 
found  it  practically  invariable. 

20"  38"' 50'     +17°34'.0 
D'Arrest  suspected  variability,   and   my  observations   in 
1886  and  1888,  lead  me  to  believe  it  may  possibly  be  sub- 
ject to  it.     Gore  asserts  a  period  of  perhaps  111  days. 
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21hlm37'     +47°3'.9 

Espin  alleges  as  variable  from  4.7  to  6.0,  in  long  or  irreg- 
ular period :  but  my  observations,  some  of  them  nearly 
coincident  in  date  with  his.  contradict  them  and  give  no  sup- 
port to  the  idea  of  fluctuation.  Sawyf.i;  also  thinks  the 
star  is  coustaut.  The  star  is  very  red,  and  difficult  to  ob- 
serve :  one  of  those  likely  to  deceive  an  inexpert  or  uncriti- 
cal observer. 

22"28m17«     —  8°20'.8 

Hind  suspected  the  variability,  and  Schonfeld  was  in- 
clined to  think  it  not  improbable.  See  A.N.  LXIV.  176. 
Also  Nature,  XXX.  346.  I  am  observing  the  star,  but  can- 
not yet  say  anything  definite  with  regard  to  it. 

23h  39™  0*     +2°  40'.8 
Gould  was  inclined  to  suspect  variability,  and  other  evi- 
dence seems  to  accord  with  the  idea.     See  my  note  H.C.O. 
Annals,  XIV.  Part  II,  p.  171.  No.  4198.     My  observations 


in  1885  and  1886  do  not  confirm,  and  I  am  strongly  of 
opinion  that  the  red  color  is  responsible  for  much,  if  not  all, 
of  the  observed  contradiction  iu  the  estimates,  made  under 
different  circumstances. 

i'.i!  53"  541  +  593  33'.  1 
Secchi  marked  this  as  ••  var.  ?"  My  own  observations  iu 
1875  led  me  independently  to  suspect  it,  at  first,  but  I  after- 
wards concluded  that  the  trouble  lay  entirely  in  the  difficult  v 
of  estimating  properly  this  very  red  star  so  close  to  a  bluish 
companion. 


In  assigning  Argelander's  letters  the  rubrics  of  Schosfei.d 
and  WiNXF.cKE  have  been  observed.  In  Virgo  and  Cygnus  the  al- 
phabet is  exhausted,  and  the  extension  of  the  notation  under  the 
suggestion  of  Hartwig,  favored  by  Schoxfeld,  is  begun  by  des- 
ignating Xo.  5037  of  the  catalogue  as  i?i?  Virginia,  and  No.  7456  as 
1:  /,'  <  .</;/  n  i. 


OBSERVED   MAXIMA   OF    TELESCOPIC   VARL1BLES, 


By  PAUL  S.  YEXDELL. 


S  Coronae,  1888. 
A  projection  of  the  light-curve  from  a  series  of  32  obser- 
vations of  this  variable,  extending  from  March  17  to  June  9, 
1888,  indicates  a  maximum  about  April  21.  No  record  of 
estimates  of  magnitude  has  been  kept,  but  on  July  14  it  was 
estimated  to  be  about  8M.5. 

R  Leonis,  1888. 
34  observations  of  R  Leonis  were  secured  between  March 
7  and  June  18,  1888,  and  a  maximum  is  indicated  about 
June  1  ;  but  little  weight  is  attached  to  this  determination, 
as  the  observations  after  maximum  are  few,  and  were 
obtained  with  difficulty,  on  account  of  the  approach  of  the 
star  to  the  sun.  The  maximum  was  a  tolerably  bright  one, 
the  star  at  this  phase  being  =  18  Leonis,  or  6.2  magnitude. 
The  observations  were  begun  with  my  4]--inch  Clacey  tele- 

Dorchester.  Mkss..  1888  July  16. 


scope,  power  36,  and  continued  from  May  7  with  a  field- 
glass,  a  careful  comparison  of  observations  with  both  at  this 
date  establishing  a  definite  connection  in  the  light-scale. 

S  I  rrsae  Majoris. 

Observations  of  this  star  extended  from  March  17  to 
July  14,  numbering  in  all  23,  and  showing  a  maximum  on 
June  15.  When  first  seen  it  was  estimated  to  be  of  the  11 
magnitude.  The  increase  was  irregular,  being  interrupted 
by  sharp  fluctuations,  and  rising  after  June  1  quite  suddenly 
to  the  maximum,  at  which  point  its  light  is  estimated  to  have 
been  about  7.5  magnitude.  The  decrease  has  been  rapid  and 
apparently  regular ;  at  the  last  observation  the  star's  light 
was  estimated  ai>  8.5  magnitude.  All  the  observations  were 
made  with  the  4^-inch  Clacey  gla^~. 


KEW   COMET,    1888  e  {BARNARD,  September  2). 

A  dispatch  from  Prof.  E.  S.  Holdex  announces  the  discovery  of  a  comet  at  the  Lick  Observatory,  by  Prof.  E.  E.  Bar- 
nakd.  Its  position  September  3d.023437  Greenwich  M.T.  was  following  58s.07,  south  8'  1".  the  DM.  star  11. 1377.  It 
is  described  as  circular ;  one  minute  in  diameter  ;  eleventh  magnitude  :  with  a  tolerably  well  defined  nucleus.  No  decided 
motion  observed  in  twenty  minutes. 

An  approximate  reduction  of  the  observation  gives  the  comet's  place  about. 

«  =  6h  52"'  17  8+  10°  59'.3. 


N"  180. 
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OBSERVATIONS   OF   HYPERION, 

By  A.  HALL. 
[Communicated  by  the  Superintendent  of  the  Naval  <  (bservatory.] 


Date 

Washington 
M  T. 

Position 

Angle 

Washington 

M.T. 

Distance 

Wt. 

Remarks 

h        in 

0 

h        ni 

" 

1886 

Oct. 

2 

15  47.9 

250.42 

15  55.9 

200.92 

2 

CI 

3 

16  12.8 

241.2H 

16  20.3 

173.11 

3 

(( 

4 

16  12.8 

228.15 

16   19.8 

141.15 

2 

Hazy,  satellite  faint 

i  b 

5 

L6  36.7 

207.00 

16    11.2 

111.05 

2 

Hazy,  and  satellite  very  faint 

C. 

6 

16  17.7 

175.91 

16  27.7 

'.15.78 

2 

Very  faint 

u 

7 

16  29.2 

142.80 

16  42.7 

109.16 

2 

Hazy,  and  satellite  extremely  faint 

u 

8 

16   17.2 

121.74 

16  23.2 

139.63 

3 

Faint,  foggy 

cc 

9 

15  42.1 

109.05 

15  51.1 

174.90 

3 

Fog.  and  satellite  extremely  faint 

cc 

10 

16   10.6 

99.90 

16   17.6 

203.33 

3 

Faint 

cc 

11 

16  24.1 

92.65 

16  30.6 

225.11 

3 

Faint,  moonlight 

a 

12 

16  19.5 

86.22 

16  27.5 

230.05 

2 

Very  faint 

it 

15 

17   17.9 

61.38 

17  25.4 

154.18 

3 

Excessively  faint  for  s  ;  moon  and  twil 

ght 

ci 

16 

16   13.9 

42.60 

16  22.4 

109.52 

3 

cc 

21 

15  23.3 

266.85 

15  32.8 

216.36 

3 

cc 

22 

15  37.8 

260.00 

15  44.3 

223.56 

3 

cc 

23 

16  10.2 

252.98 

16   IS. 7 

214.32 

4 

cc 

24 

15  48.2 

244.80 

45  53.7 

188.43 

4 

Faint,  hazy 

Dec. 

3 

10  52.2 

264.63 

10  58.7 

237.79 

2 

CC 

7 

10  54.2 

228.55 

11      1.2 

159.30 

2 

cc 

8 

10  56.7 

208.54 

11     3.2 

124.86 

2 

•  c 

16 

10  27.6 

79.35 

10  34.6 

243.17 

2 

cc 

20 

11    18.6 

351.01 

11   23.1 

84.73 

4 

Faint 

cc 

21 

10  40.0 

306.78 

10  47.0 

116.88 

2 

(C 

27 

10  25.4 

242.65 

10  32.9 

202.36 

2 

(  londs 

1887 

Jan. 

3 

9  lo.l 

101. .".7 

9   15.1 

225.11 

2 

CC 

18 

9   37.2 

232.00 

9  44.7 

17:1.43 

2 

cc 

18 

9  52.2 

139.98 

9  57.2 

46.14 

2 

Titan-Hyperion 

cc 

22 

8  25.6 

128.52 

8  34.6 

1  17.22 

3 

Faint,  hazy 

cc 

24 

8  43.5 

1H2.79 

8  49.5 

220.99 

2 

Faint 

cc 

24 

8  59.0 

163.98 

9     4.5 

53.45 

2 

Titan-Hyperion 

Cb 

25 

9   16.5 

94.50 

9   20.5 

244.90 

2 

Faint,  sky  hazy 

cc 

25 

9  29.0 

140.38 

9  33.5 

74.1:! 

2 

Faint,  Tito  n  -  Hyperion 

cc 

26 

9     8.5 

87.82 

9   14.o 

250.50 

3 

Windy 

cc 

26 

9  21.5 

120.68 

9   29.5 

106.96 

3 

Windy,  Titan-Hyperion 

cc 

27 

8  56.0 

81.45 

9     3.5 

249.17 

3 

Faint' 

cc 

30 

8     8.9 

46.22 

8  15.9 

133.07 

2 

Feb. 

11 

8  36.7 

156.2.'. 

8  42.2 

115.60 

2 

Very  windy 

CC 

12 

8   10.2 

130.!  12 

8   14.7 

142.39 

3 

it 

13 

8  26.1 

114. 52 

8  Sl.l 

179.74 

3 

cc 

16 

9    14.1 

88.75 

9  20.6 

250.49 

3 

t  c 

22 

8     6.0 

325.15 

8  11.0 

98.87 

3 

cc 

24 

7  55.0 

278.65 

8     0.0 

188.45 

2 

Windy 

b  i 

27 

7  27.9 

254.72 

7  34.4 

228.83 

2 

Faint,  hazy  and  windy 

cc 

28 

6  59.4 

246.12 

7     5.9 

2OS.01 

3 

Mar 

1 

7     9.4 

2:15.22 

7   14.1 

176.28 

3 

Faint 

C  L 

2 

8  13.8 

2  is. 02 

8   19.3 

140.15 

2 

Very  faint,  hazy 

CC 

10 

8  14.1 

83.25 

8  21.1 

240.  os 

3 

i  b 

11 

7     8.1 

76.42 

7   13.1 

221.lt, 

2 

Cb 

12 

6  57.1 

07.25 

7     2.6 

187.91 

2 

Cb 

22 

7  32. 'J 

237.18 

7  3s. 4 

17G.C4 

2 

Faint,  windy 

Cb 

23 

7  48.9 

222.32 

7  54.4 

141.17 

3 

a 

23 

8     5.9 

127.28 

'8  10.9 

55.16 

3 

Titan-Hypei-ion 

cc 

24 

8  23.0 

198.62 

8  31.5 

113.04 

2 

Very  faint 

Cb 

24 

8  40.0 

119.20 

8    16.5 

is. 48 

2 

Extremely  faint,  Titan-Hyperion 

bb 

25 

7  20.9 

167.70 

7  26.4 

106.32 

3 

Faint 
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Date 

Washington 
M.T. 

Position 
Angle 

Washington 

M.  1 

Distance 

Wt. 

Remarks 

h        in 

o 

h        in 

ii 

1887 

Mar. 

2:. 

7  34.9 

121.90 

7   42.4 

39.76 

3 

Titan-Hyperion 

ct 

29 

7  .".1.7 

98.28 

8      1.7 

214.06 

2 

Very  faint,  windy  and  moonl 

gl't 

u 

i".i 

8   15.2 

1  is. 08 

8  21.2 

49.68 

2 

Very  faint,  Titan-Hyperion 

Nov. 

21 

15   21.3 

81.25 

15  33.3 

218.84 

3 

" 

22 

16     4.3 

74.57 

16   10.3 

192.57 

2 

Faint,  haze 

Dec. 

22 

11  41.s 

259.02 

.11  48.3 

256.56 

2 

1888 

Jan. 

11 

10  12.9 

265.69 

lo   18.4 

253.35 

2 

•• 

is 

9  47.8 

170.75 

9  52.8 

97.98 

2 

" 

19 

9  54.6 

135.60 

10     1.6 

115.18 

2 

Faint 

c< 

21 

9   27.3 

103.69 

9  33.3 

193.82 

3 

CC 

30 

9     0.7 

285.11 

9     8.7 

162.33 

2 

Extremely  faint  for  s  ;   haze 

Feb. 

1 

!)   3  7.2 

267.75 

9  43.2 

216.94 

3 

It 

2 

9     9.7 

262.27 

9   17.2 

260.38 

3 

Faint 

i  * 

8 

8  56.1 

182.82 

9     2.1 

100.15 

2 

Very  faint 

it 

13 

9     0.5 

90.65 

9   11.0 

234.70 

3 

Faint 

ct 

14 

8  4'.).:i 

84.12 

9     9.4 

237. si; 

2 

'• 

15 

8     4.9 

77.69 

8     !i. :» 

219.58 

2 

a 

16 

K)  24.9 

67.2S 

10  31.4 

175.79 

2 

i  ( 

18 

8     0.1 

16.62 

8     7.4 

80.41 

3 

Very  faint 

u 

28 

8  46.7 

220.15 

8  53. 7 

135.09 

3 

Strong  moonlight 

Mar. 

6 

8    6.:. 

86.75  • 

8   12.5 

233. 79 

3 

" 

7 

8     8.0 

80.02 

8  14.0 

222.51 

2 

t . 

8 

8   10.0 

71.80 

8   16.5 

191.45 

2 

1 1 

9 

7  57.0 

59.32 

8     2.5 

145.21 

3 

" 

14 

7   is. 5 

272.32 

7  24.5 

215.47 

2 

Windy  and  bad  images 

41 

15 

7  34.4 

265.98 

7  40.4 

241.90 

3 

" 

17 

8  22.:i 

251.05 

s    28.4 

238.97 

3 

(  , 

18 

8   15.9 

2  17.45 

8  22.1 

215.98 

3 

ti 

30 

7  22.6 

65.60 

7  29.1 

158.91 

3 

Faint 

Apr. 

1 

7  28.0 

1.82 

7  35.0 

73.51 

2 

Faint 

u 

2 

8   ll.o 

308.92 

8  18.0 

99.24 

2 

u 

3 

8  11.9 

286.58 

8  17.9 

1  19.70 

3 

it 

4 

7  47.4 

275.60 

7  54.4 

196.02 

3 

Faint 

•  V 

6 

7  35.9 

262.45 

7  45.9 

238.00 

2 

7 

7  50.3 

2."i6.60 

7   59.8 

2.",  6. 96 

3 

e I 

7 

8     8.3 

223.85 

8  14.3 

57.62 

3 

Titan-Hyperion 

It 

8 

7  4-1. s 

250.72 

7   51.8 

218.00 

2 

Faint 

t I 

8 

7  58.8 

209.60 

8     6.3 

.".11.34 

2 

Faint.  Titan-Hyperion 

;  t 

12 

7  5S.2 

185.18 

8     5.7 

95.14 

3 

Note. — The  angles  and  distances  are  referred  to  the  renter  of 
Saturn,  except  those  marked  Titan- Hyperion,  in  which  Hyperion  is 
referred  to  Titan.  The  observations  have  been  corrected  for  dif- 
ferential refraction.  The  weights  refer  to  the  condition  of  the 
images,  and  are  estimated  on  a  scale  of  5;  1  denoting  extremely 
1888  August  2. 


poor,  and  .">  perfect.  In  nearly  every  case  four  settings  of  the  cir- 
cle were  made  for  the  angle,  and  four  single  distances  were  meas- 
ured for  the  resulting  value.  In  the  Remarks,  -s  refers  to  the 
distance. 


THE  SPECTRUM   OF   E  CYGNI. 


A  dispatch  in  the  Science  Observer  code,  received  August 
27  from  Lord  Crawford's  Observatory,  states  that  the  spec- 
trum   of   the  variable  star  R  Cygni  was  found    to    contain 


bright  lines,  according  to  observations  by  Espik  at  Wok- 
ingham, on  August  13  and  22.  and  at  the  Dun  Feht  Observ- 
atory on  August  26. 


CONTENTS. 
Catalogue  of  Variable  Stars,  by  Mr.  S.  C.  Chandler. 
Observed  .Maxima  of  Telescopic  Variables,  by  Mr.  Paul  s.  Yf.xi.ei.i.. 
New  Comet,   1888  e,  (Barnard,  Sept.  2). 
Observations  of  Hyperion,  by  Prof.  A.  Hall. 
The  Spectrum  of  if  Cygni. 
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PHYSICAL  OBSERVATIONS  OF  MARS  DURING  THE  OPPOSITION  OF  1888,  AT 

THE  LICK  OBSERVATORY, 


By  EDWAIili 

The  opposition  of  Mars  took  place  April  11,  1888.  The 
Lick  Observatory  was  transferred  to  the  University  of  Cali- 
fornia on  June  1.  Previous  to  this  time  Mr.  Keeler  was 
the  only  member  of  the  astronomical  staff  at  the  Observatory, 
and  he  utilized  all  opportunities  for  observation  in  making  a 
series  of  measures  of  the  satellites  of  Mars,  which  have 
already  been  printed  in  the  Astronomical  Journal. 

It  was  not  until  July  16,  however,  that  the  work  of  the 
machinists  and  others  on  the  dome  and  elevating  floor  was 
sufficiently  advanced  to  allow  of  regular  observations. 

On  every  suitable  night  since  that  time  at  least  one  draw- 
ing of  Mars  has  been  made,  either  by  myself,  Mr.  Schak- 
berle,  or  Mr.  Keeler.  A  list  of  all  the  drawings  made 
follows : 


E.  S.  H. 

J.  M.  S. 

J.  E.  K. 

h        m 

li       m 

Julvl6  9  00P.S.T. 

17  9  25 

tt 

July  18  8  35P.S.T. 

18  8  50 

tt 

19  8  25 

CG 

19  9  00 

tt 

20    - 

tt 

20     - 

1 1 

23  8  15 

tt 

July  23  8  45P.S.T. 

24  8  13 

I. 

24  8  45 

t  t 

24  8  45      " 

25  7  45 

tt 

25  7  50 

tt 

25  8  00     " 

25  8  20 

(t 

25  8  40 

tt 

26  8  10 

tC 

26  9  in 

tt 

26  8  40     " 

26  8  21 

CC 

27  8  00 

tt 

27  8  15      " 

29  7  28 

tc 

29  7  52 

tt 

29  8  20     " 

31  7  24 

cc 

Aug.  1  7  22 

tt 

Aug.  1  7  52 

tt 

2  7  23 

tc 

2  8  00 

t  t 

5  7  28 

tc 

5  8  20 

tt 

5  7  40 

tc 

8  7  33 

tt 

8  7  35 

tt 

9  7  38 

cc 

9  8  03 

t  t 

9  8  30 

tt 

10  7  30 

tt 

10  8  00 

tt 

Plate  I  gives  a  series  of  these  drawings  arranged  in  the 
order  of  longitude  of  the  central  meridian  of  each  drawing. 
I  desire  to  express  my  obligation  to  Mr.  Marth  for  the  ex- 


S.  HOLDKX. 

celleut  ephemerides  of  Mars  which  have  regularly  appeared 
from  his  hand,  and  which  have  done  so  much  to  stimulate 
and  to  systematize  such  observations  as  these. 

The  drawings  themselves  are  simple  diagrams,  as  accurate 
as  they  could  be  made  by  eye  estimations  alone.  Circum- 
stances did  not  permit  of  more  exact  determinations  of  the 
positions  of  the  various  markings  of  the  disc.  No  attempt 
at  pictorial  representation  is  made. 

Plate  II  gives  seven  drawings  of  Mars  made  by  me  with 
the  26-inch  equatorial  at  Washington  in  1875,  1877  and 
1879.  The  first  five  of  these  were  redrawn  by  Monsieur 
F.  Terby,  and  printed  in  Mimoires  Gouronnis  de  VAcademie 
Boyale  de  Belgique,  tome  XXXI  (1880)  ;  but  they  are  com- 
paratively unknown  in  America,  although  they  are  interest- 
ing as  confirming  some  of  the  discoveries  of  Professor 
Schiaparelli.  The  other  two  figures  are  printed  for  the 
first  time. 

The  twenty-one  drawings  of  Plate  I  (1888)  form  a  reason- 
ably complete  representation  of  the  disc  when  the  unfavor- 
able circumstances  of  the  opposition  are  considered.  All  of 
them  were  made  when  the  disc  of  the  planet  was  less  than 
(.i".  and  when  the  zenith  distance  was  nearly  60°  ;  and  all 
of  them  were  made  in  the  early  evening  before  the  large  ob- 
jective was  cooled  to  the  temperature  of  the  surrounding  air. 
Magnifying  powers  of  350  to  700  diameters  have  been  em- 
ployed according  to  the  various  conditions  of  vision. 

The  inner  satellite  (Phobos)  was  seen  on  July  18,  when 
it  was  only  .22  of  its  brilliancy  at  mean  opposition,  and 
only  J  as  bright  as  at  the  time  of  discovery  by  Professor 
Hall. 

It  is  very  unfortunate  that  the  great  telescope  was  not 
available  for  these  observations  until  three  months  after 
opposition,  and  that  it  will  be  necessary  to  wait  until  1890 
to  form  a  map  of  the  planet  based  upon  our  own  work. 
Still  it  appears  to  me  that  the  drawings  here  given,  present 
important  evidence  relating  to  the  canals  of  M.  Schiaparelli, 
and  to  the  submergence  of  the  "  continent"  Libya  reported 
and  confirmed  by  M.  Perrotin  in  May  last. 
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"With  regard  to  the  canals  it  appears  that  we  have  not  seen 
any  of  them  double,  although  main-  of  the  more  important 
have  beeu  sketched  as  broad  bands  covering  the  spaces  on 
M.  si  hi  vi' akklli's  map  which  are  occupied  by  pairs  of 
canals  and  by  the  space  separating  the  members  of  each 
pair. 

With  regard  to  the  ■•continent"  Libya  the  observations 
here  show  nothing  before  July  16.  After  that  date  we  have 
eight  drawings  (duly  31,  July  29,  July  27.  July  27.  July  27. 
July  26,  July  25,  July  25,  July  26).  which  exhibit  this 
marking  in  various  aspects,  all  of  which  are  in  substantial 
agreement  with  each  other,  and  each  of  which  differs  ma- 
terially from  the  observations  made  at  Nice  during  April, 
and  May,  as  given  in  L'Astronomie  for  June  1888,  page  214. 

M.  Perrotin  says  that  Libya,  which  was  plainly  visible 
two  years  ago,  "does  not  exist  to-day"  (April  and  May, 
1888). 

The  eight  drawings  above  mentioned  show  it,  however,  in 
essentially  the  form  in  which  it  was  drawn  by   M.   Schia- 

Mount  Hamilton,  1888  August  17. 


parelli  in  1877  and  1878.  not  to  speak  of  later  drawings. 
It  is  much  to  be  regretted  that  the  series  of  drawings  at 
the  Lick  Observatory  begins  at  so  late  a  date  ;  but  so  far  a~ 
the  evidence  of  our  work  goes,  it  may  be  said  that  during 
this  opposition  we  have  seen  uo  double  canal,  and  do  not 
find  any  important  changes  in  the  "  continent"  Libya.  At 
the  same  time  no  one  is  more  sensible  than  myself  of  the 
highly  unfavorable  conditions  under  which  our  work  on  Mars 
has  been  done.  We  have,  however,  seen  enough  of  the 
working  of  the  great  telescope  on  Mars  and  on  other  objects 
to  know  that  its  powers  are  amply  adequate  under  favorable 
conditions  :  and  we  confidently  expect  the  next  two  oppositions 
to  furnish  the  most  conclusive  evidence  on  these  highly  inter- 
esting questions.  No  more  could  have  been  done  here  during 
this  year  than  was  done,  but  the  opportunities  of  even  a 
single  favorable  opposition,  diligently  improved,  will  suffice 
to  perfect  our  knowledge  of  the  topography  of  Mars  to  a 
most  important  degree,  and  two  such  should  present  us  with 
a  map  of  the  planet,  which  may  fairly  be  called  complete. 


OBSERYATIOXS   OX   MARS, 

By  A.  HALL. 
[Communicated  by  the  Superintendent  of  the  Naval  Observatory.] 

(  >BSERVATIONS    OF    THE    SATELLITES. 


Date 

W.M.T. 

P 

JP 

w.m.t. 

s 

As 

Remarks 

Deimos. 

h        in 

o 

o 

h        in 

■ 

it 

1888  Mar. 

30 

12   16.1 

122.91 

—  0-53 

12  27.1 

50.51 

—0.10 

Faint 

Apr. 

4 

12  41.4 

118.11 

+   1.02 

12  52.4 

50.21 

+  0.21 

Haze,  very  faint 

6 

11    19.1 

304.13 

+  0.26 

11   28.4 

5  2.  si 

—0.24 

8 

10     4.3 

130.71 

—  0.54 

10  12.3 

51.26 

+  0.I8 

11 

10  42.2 

296.03 

—  o.27 

13 

10  10.7 

125.97 

—  0.40 

10  18.2 

52.78 

+0.52 

16 

11   13.1 

292.27 

+   0.43 

11   22.6 

19.67 

—  1.15 

Very  faint 

20 

9     0.5 

306.51 

+   0.26 

9      7.5 

53.73 

—0.89 

Faint 

25 

9  19.4 

303.31 

—  0.55 

9  27.9 

52.81 

+0.02 

Extremely  faint 

May 

2 

8  53.2 

127.65 

—  0.11 

9     1.3 

51.55 

—1.10 

Faint 

5 

9  39.7 

2: '2. 61 

+  0.02 

18.7 

48.69 

—0.84 

Extremely  faint 

Phobos. 

h         ni 

O 

o 

h       in 

ft 

" 

1888  Apr. 

7 

11    21.3 

124.6 

+    5.76 

11   29.3 

2".  7o 

—0.46 

Very  faint 

8 

10  44.3 

128.9 

+  11.71 

Extremely  faint 

11 

11     5. 

(2!' 7.      ) 

(  +  19.59) 

Estimated,  clock  fails 

26 

10  31. 

301.5 

+   6.58 

Extremely  faint 

Note. — The  residuals  (C — O)  were  found  by  comparing  witli  Marth's  ephemeris.  Thobos  was  barely  visible,  and  the  observations 
were  made  with  difficulty.  Only  the  first  is  of  much  value.  The  observations  have  beeu  corrected  for  diflereutial  refraction  and  the 
figure  of  the  disk. 
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A   STUDY   IX   THE   ELEMENTS   OF  EXCKES   COLLET, 

r,v  ORRAY  T.  SHERMAN. 


In  the  MUmoires  de  I'Acadimie  Imp&riale  des  Sciences  de 
St.  /'.'.  rsbourg,  VII'  Serie,  T.  XXVI.  XXXII  and  XXXIV. 
Von  Asten  and  Backxdnd  have  given  the  elements  of  Encke's 
comet  for  its  successive  appearances  from  1819-1885  inclu- 
sive. The  condition  in  which  the  theory  of  the  well  known 
acceleration  is  left  by  the  final  paper  may  perhaps  best  be 
shown  by  the  following  extract: 

■  Die  Frage,  welcher  der  Grund,  zu  der  hier  constatirten  Ver- 
anderung  in  der  Bewegung  des  Eni  m  'schen  Cometen  sein  kann, 
gehort  eigentlich  nicht  hierher;  jedocb  darf  das  uicht  unerwahnt 
bleiben,  was  deutlich  auf  der  Hand  liegt.  Die  Acceleration  der 
mittleren  Bewegung  kann  nur  iu  zweierlei  Weise  erklart  werden. 
Entweder  wird  sie  von  eiuem  widersteheuden  Mittel  erzeugt,  oder 
sie  ist  in  Ziisetzungsproeessen  des  <  lometen  begrnndet.  Ini  ersten 
Falle  muss  die  Oberflache  des  Cometen  gegen  welche  das  wider. 
steliende  Mittel  wirkst,  >irh  Verandert  haben;  demi  es  ist  sehr 
anwahrscheinlich,  cla>>  das  Mittel  die  Halfte  seiner  .Widerstands- 
fahigkeit  im  I.aufe  von  3  Jahren  verloren  liatte.  urn  dann  wieder 
constant  zu  bleiben.  Im  zweiten  Falle  muss  eine  Verhaltnissmassig 
abrupt e  Veranderung  im  dem  Zersetsungsprocessen  stattgefunden 


haben.     In  beiden  Fallen  hat  man  also  mit  einer  relativ  rasch  vor 
sich  gegaugen,  pbysischen  Veranderung  des  Cometen  zu  tlmn." 

The  following  paper  displays  the  grounds  upon  which  the 
condition  of  the  medium  has  varied.  It  will  be  seen  that,  iu 
place  of  changing  by  half  its  amount,  successive  transits, 
one  of  which  occurred  near  the  end  of  a  spot-cycle,  while  the 
other  occurred  at  the  beginning  of  the  following  cycle,  might 
have  found  the  disturbing  forces  nearly  teu  times  greater  in 
the  second  than  iu  the  first  case. 

The  following  table  presents  the  osculatiug  elements  as 
derived  from  the  memoirs  quoted  above.  The  first  eight 
columns  give  the  osculating  elements  of  the  comet,  and  the 
ninth  the  approximate  relative  sun-spot  frequency  for  the 
date.  The  observations  above  the  horizontal  line  are  de- 
rived from  Van  Asten's  series,  and  those  below  from  Back- 
ltjnd's.  The  letter  i  indicates  that  the  sun-spot  cycle  is 
increasing,  while  the  letter  d  implies  that  the  cycle  is  de- 
creasing. 


Elements  of  Encke's  Comet. 


•The  equinox  corresponds    to   the   epoch  in   those  returns  marked  with  a  *;  in  other  cases  the  equinox  is  for  the  beginning  of 
the  vear. 


The  successive  differences  which  this  table  presents  are 
thought  to  be,  in  part  at  least,  the  record  of  perturbing 
forces  still  unrecognized  and  perhaps  irregular  in  their 
action.     The    following   table  presents  the  first  differences 


of  the  series  for  i.  tt,  Q,,  a  and  /<,  after  i,  n,  Q,  have  been 
referred  to  a  constant  plane.  The  values  are  then  arranged 
with  regard  to  their  position  in  the  sun-spot  cycle  at  the 
date  of  the  later  epoch. 


100 


THE     ASTRONOMICAL     JOURNAL. 


N°-  181. 


First  Differences  in  the  Elements  of  Encke's  Comet. 


rear 

Spot  No. 

l> 

a 

Si 

n 

i 

a 

f      it 

<     it 

i      ti 

1859 

i  90.3 

—2.5606 

—  8  38.65 

+   0  13.2 

+    1     2.4 

—  3  47.4 

1829 

67.2 

—0.4745 

—  1   40.77 

—  0  41.4 

+   0  36.7 

—  0  49.6 

1835 

59.0 

—0.5771 

—  2  25.87 

+   0     6.0 

—  0   17.0 

—13  28.9 

1881 

54.2 

—7.3926 

—24   19.72 

—  7  29.4 

+    7  19.0 

—  0  53.5 

1845 

38.3 

+4.6971 

+  17     1.96 

—22  28.0 

+  11     7.6 

—  12  51.2 

186S 

36.8 

+  5.1574 

+  18  17.86 

+   0     2.9 

+   4  43.6 

+   2  49.4 

1825 

20.7 

+0.8027 

+   2  43.21 

—  0  22.6 

+   0  10.8 

+    1      7.1 

1878 

i     3.8 

+  0.1140 

+    7  23.60 

—  0  29.4 

—  0  26.9 

—  0  42.5 

1822 

d     3.9 

—7.4070 

—13  23.80 

—10  52.3 

+   9  45.7 

—16  35.0 

1855 

6.0 

+  0.1541 

+   0  49.90 

—  0  59.2 

—  0  38.9 

+   0  15.0 

1832 

26.3 

+  1.4845 

+   5     3.89 

—  0     5.9 

+   0  22.2 

+    1   34.3 

1842 

27.0 

—0.5229 

—  2  29.24 

—  0  14.9 

—  0  23.2 

—  1     2.0 

1865 

31.4 

—0.5328 

—  0  54.42 

—  3  48.5 

—  0     3.9 

—  1     6.1 

1874 

43.1 

—0.4430 

+   0  27.40 

—   0  29.7 

+    1   13.3 

—  0     4.1 

1885 

50.3 

+0.9525 

+   2  20.30 

—  0  10.3 

+   0  13.2 

+   0  50.1 

1852 

52.7 

—0.0643 

—   1  42.10 

—  1   18.9 

+   0  31.9 

—  0  52.7 

1862 

61.0 

+  0.4416 

+   2   19.74 

—  1     3.0 

+    1   20.9 

+   0  50.1 

1838 

93.7 

+  0.6733 

+   0  35.07 

—  0   14.9 

+   0  49.2 

+   0  13.1 

1849 

100.0 

+  1.1156 

—  4  27.02 

—  2     6.8 

+   0     7.6 

+   0  62.5 

1871 

rtll3.8 

+  0.74  71 

—  0  34.00 

—  0     9.0 

—  0  40.2 

+   0  46.1 

Remembering  Sporek's  result  that  oue  suu-spot  cycle  be- 
gins before  the  preceding  ends,  it  will  not  be  difficult  to 
recognize,  by  simple  inspection  of  the  above  table,  that  the 
large  differences  belong  almost  entirely  to  the  period  of  in- 
creasing sun-spots,  while  the  period  of  decreasing  spots  has 


but  slight  effect.  The  true  relation  is,  however,  more  readily 
seen  by  the  following  table,  formed  from  the  preceding  one 
by  taking  the  means  of  those  results  whose  sun-spot  numbers 
are  nearly  the  same. 


Mean  Differences  in  the  Elements  of  Encke's  Comet. 


Spot  No. 

r-< 

a 

9, 

77 

i 

/  90.3 

—2.5605 

i       ii 
—  8  38.63 

+  0   13.16 

1         ll 

+  1     2.44 

•      n 
—3  47.4 

60.1 

—2.8147 

—  9   28.79 

—2  11.87 

+  2  32.73 

—5     4.0 

31.9 

+  3.5524 

+  12  41.0 

—7  35.91 

+  5  20.68 

—2  58.25 

i     2.0 

—2.3796 

—  1   43.4 

—4     6.87 

+  2  53.32 

—5  51.9 

tf  31.9 

—0.0047 

+   0  51.57 

—1     9.77 

—0     2.29 

—0  11.25 

54.7 

+  0.4433 

+   0  56.0 

—0  50.75 

+  0  49.85 

+  0  10.85 

dl02.5 

+  0.8454 

—  3     8.65 

—0     8.88 

+  0     5.59 

+  0  40.53 

It  will  be  seen  at  a  glance  that  those  elements  which  de- 
termine the  place  of  the  orbit  suffer  fairly  regular  and 
smooth  changes  during  the  sun-spot  cycle,  having  a  maxi- 
mum of  disturbance  in  the  neighborhood  of  suu-spot  number 
32  ;  while  those  which  lie  in  the  plane  of  the  orbit,  though 
presenting  regular  variations  for  other  portious  of  the  cycle. 
have  their  curves  badly  broken  at  this  same  point. 

It  follows  from  this  that  the  disturbing  forces  have  not, 
primarily  at  least,  depended  upon  the  density  of  .the  dis- 
turbing medium  as  connected  with  its  distance  from  the 
sun.  We  have,  therefore,  calculated  the  value  of  B,  the 
disturbing  force  in  the  direction  of  the  radius,  positive  out- 
wards ;  S,  the  disturbing  force  in  the  plane  of  motion  per- 


pendicular to  R,  positive  in  the  direction  of  the  motion  ; 
and  Z,  the  disturbing  force  perpendicular  to  the  plane  of 
motion,  positive  upwards.  It  has  been  necessary  to  assume 
that  the  region  in  which  disturbances  occur  is  situated  sym- 
metrically as  regards  the  comet's  perihelion,  that  its  limit 
lav  at  four-tenths  of  the  earth's  mean  distance  —  a  nearer 
limit  being  forbidden  by  the  disturbance  suffered  by  Mi 
as  shown  in  our  last  paper  —  and  also,  that  the  disturbing 
forces  were  constant  during  the  transit.  'Hum'  assumptions 
render  the  following  figures  valueless  as  absolute  measures, 
but  should  only  slightly  affect  their  relative  worth.  The 
formulas  employed  are  the  well  known  expressions  found  in 
OrroLZER  or  Watson. 
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Mean  Value  for  the  Components  ok  the  Disturbing 
Forces  acting  upon  Encke's  Comet  during  Perihelion 
Passage. 


Spot  No. 

S 

z 

li 

i   90.3 

+0.0006542ft2 

+  0.001 1464ft2 

— 0.001 2610ft2 

67.2 

+  0. 0001108 

+0.0003149 

— 0,0007686 

59.0 

+  0.0001345 

+  0. 00027m; 

+0.1 3610 

54.2 

-f-0.001f.774 

+0.0048611 

—0.0091915 

38.3 

^0.0010990 

+  0.0057401 

—0.0142970 

36.8 

—0.0012011 

—0.0006302 

—0.0057627 

20.7 

—0.0001882 

—0.0003310 

—0.0002319 

i     3.8 

—0.0000272 

+0.0003183 

+  0.0005306 

d     3.9 

+  0.00 172S7 

+  0.0060'.''.' 1 

—0.0122620 

6.0 

+  0.0000316 

—0.0000683 

+0.0007396 

26.3 

—0.0003469 

—0.0004951 

— o. 1555 

27.0 

+  0.0001218 

+0.0003488 

+0.0004645 

31.4 

+  0.0001242 

+0.0004289 

—0.0000462 

43.1 

+  0.0000906 

+  0. 1322 

—0.0015096 

50.3 

— o. 1791 

—0.0002558 

—0.0002746 

52.7 

+  0.0000109 

+  0.0003172 

— 0.0006933 

61.0 

—0.0001026 

—0.0002338 

—0.0016516 

93.7 

— o. -:■-' 

+  0.01 11 

—0.0010097 

100.0 

—0.0002598 

—0.0003304 

—0.000224.-, 

dll3.8 

—0.0001841 

—0.0002492 

+  0.0008142 

The  table  at  the  end  gives  the  means  formed  by  uniting 
those  whose  sun-spot  numbers  lie  close  together. 

It  is  at  once  apparent  that  the  resultant  force  has,  though 
variable  in  the  single  instance,  rapidly  increased  at  the  com- 
mencement of  the  sun-spot  cycle,  reached  its  maximum  near 
the  time  of  most  rapid  increase  in  the  number  of  sun-spots, 
and  then  declined,  at  first  rapidly,  then  irregularly,  to  the 
end  of  tlic  period.  It  is  also  evident  that  the  chief  disturb- 
ance has  been  towards  the  sun. 

We  offer,  therefore,  the  result  that  the  variations  in  the 
motion  of  Encke's  comet,  other  than  those  produced  by 
planetary  attraction,  are  produced  by  a  resisting  medium 
connected  with  the  sun.  and  disturbed  by  those  forces  which 
produce  and  are  produced  by  sun-spots.  This  result  will 
not  appear  strange  when  one  remembers  the  conclusion  pre- 
sented by  Lockteb  in  his  Chemistry  of  the  Sun,  and  also  the 
result  attained  by  Sherman  in  a  spectroscopic  study  of  cer- 
tain appearances  in  the  spectrum  of  (3  Lyrae. 

We  shall  later  show  that  the  zodiacal  light  is  intimately 
connected  with  these  disturbing  forces,  being  in  fact  a  locus 
of  condensation  of  matter  driven  from  the  sun  similarly  to 
the  tail  of  a  comet  from  the  nucleus,  and  after  condensation 
again  precipitated  upon  the  solar  surface. 


Spot  No. 

S 

z 

i? 

Resultant 

i   90.3 

+  0.0006.V12A-- 

+0.0011464ft2 

—0.0012610ft2 

0.0018255 

60.1 

+0.0006409 

+0.0018184 

—0.0031997 

0.0037357 

31.9 

—0.0008294 

+  0.0015934 

—0.0067639 

0.0069983 

i     2.0 

+0.0017331 

+0.0021175 

—0.0033306 

0.0043105 

d   31.9 

—0.0000336 

+  0.0000941 

—0.0003870 

0.0004000 

54.7 

—0.0000601 

—0.0000401 

—0.0008732 

0.0008761 

dl00.5 

—0.0001771 

—0.0001916 

—0.0001404 

0.0002962 

EPHEMERIS   OF   COMET   1888  c    (BBOOKS), 


By  LEWIS  BOSS. 
[Continued  from  No.    178.] 


From  recent  observations  of  the  Brooks  comet  it  appears 
probable  that  it  can  readily  be  observed  at  least  up  to  the 
October  moon.  From  the  same  observations  I  iufer  that 
the  correction  of  the  ephemeris  contained  in  No.  178  of  the 
Journal  will,  on  Sept.  20.  reach  about  +100s  and  — 20'  in  << 
and  8,  respectively  ;  but  as  its  increase  is  not  very  rapid  the 
following  will  probably  answer  sufficiently  well  in  the  absence 
of  elements  based  on  long  intervals. 

Ephemeris  for  Greenwich  Midnight. 
188S  App.  a  App.  fl  log  ^         Light 

h        m         s  o  ' 

Sept.  20.5  14   .".2  35  +22   15.3         ".2317         .45 

22.5  15     0  37         +20  46.3         0.2387 


Nl'pt. 


Oct, 


ss 

App.  a 

App.  8 

log  A 

Light 

24.5 

15  8  17 

+  19  19.2 

0.2460 

.39 

26.5 

15  15  37 

17  54.3 

0.2536 

28.5 

15  22  40 

1G  31.6 

0.2613 

.34 

30.5 

15  29  26 

15  11.3 

0.26'. '2 

2.5 

15  35  58 

13  53.5 

0.2772 

.30 

4.5 

15  42  lo 

12  38.2 

0.2853 

6.5 

15  48  17 

11  25.5 

0.2934 

.26 

8.5 

15  54  8 

10  15.4 

0.3016 

10.5 

15  59  47 

9  7.8 

0.3098 

.22 

12..". 

16  5  16 

8  2.7 

0.3180 

14.5 

1C  10  35 

+  7  0.2 

0.3261 

.19 

Dudley  Observatory,  1888  September  7. 
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OBSERVATIONS   AND   ORBIT   OF   COMET   1888  e  {BARNARD,  Sept.  2), 


[Telegraphically  communicated  by  Prof.  E.  S 
Observations  by  Prof.  E.  E.  Barnard. 


Greenwich  M.T. 

1888  Sept.  3.0234-1 
■»29 
5.9947 


App.  a 

li       m 

6  .VJ  14.26 
52     6.1 
51   58.5 


A  pp.  S 

o        I  i, 

+  10  59   16 

in  51  53 

+  10  4  7  53 


The  first  of  these  was  in  the  form  of  a  micrometrical  differ- 
ence from  DM.  11°. 1377.  and  has  already  been  given  in  the 
last  number  of  the  Journal,  p.  94.  From  this  the  above 
place  was  derived  by  Prof.  Boss,  who  determined  the  star's 
place  by  comparison  with  Weisse's  Bessel  1463. 


From  observations  of  Sept.  3.  5  and  7.  Prof.  J.  M.  Schae- 
berle  of  the  Lick  Observatory  computed  the  following  ele- 
ments and  ephemeris. 


Holdkn,  Director  of  the  Lick  Observatory.] 
Elements. 
T  =  1888  Nov.  22.90  Greenwich  M.T. 
w  =  358°     9' 
Q  =       9      3 
i  =  164    35 
q  =  1.2749  (log  q  =  0.10548) 

Ephemeris  for  Greenwich  Noon. 


1888 

M'l>-  a 

A  pp.  § 

'Light 

Sept.     5.0 

6  52     0 

+  10  52 

1.00 

9.0 

51   28 

10  35 

13.0 

50  16 

10  16 

17.0 

48  28 

+   9  53 

1.84 

The  above  elements  and  ephemeris  were  cabled  to  Europe 
by  Mr.  Ritchie  on  the  10th,  and  circulated  there,  as  usual, 
by  the  International  Science  Observer  Circular,  and  also  in  a 
similar  circular  in  this  country. 


OBSERVATIONS   OP   COMET   1888  e  {BARNARD), 

By  H.  V.  EGBERT. 

A  pp.  a  A  pp.  S 

d         h         in       s                h         in        s  o        t       ft 

4  16  25  42         6  52     5.05  +10  52  6.4 

5  16   12  33             51   58.66  10  48  8.3 

6  16   11   31              51   51.13  +10  44  3.1 


Madison  M.T. 

].s,s,s    September 


By  W.  C.  WINLOCK. 
[Telegraphed  by  Superintendent  Phythian  of  the  Naval  Observatory.] 

Greenwich  M.T.  App.  a  App.  8 

il         h        m        a  h        ra         s  o        '        " 

1888   September  12  20  57     7         6  50  36.6  +10  18  2 


NOTE   ON    U  GEMmORUM. 


By  the  elements  on  p.  86  of  this  Journal,  the  next  maxi- 
mum of  this  variable  is  due  October  15.  Its  appearances 
are  so  sudden  (the  rise  from  its  ordinary  minimum  brightness, 
13M,  to  its  maximum,  about  8M.9  to  9M.7,  often  occurring  in 
twenty-four  hours),  and  depart  so  widely  from  the  predicted 


times,  that  it  i^  extremely  difficult  to  secure  good  determina- 
tions of  the  time  of  maximum.  They  are.  however,  import- 
ant :  and  it  is  hoped  that  observers  will  keep  a  nightly  watch 
from  the  beginning  of  October. 


OCCULTATION   OF  A   STAR    (11   MAG.)    BV   MARS 

By  EDWARD    S.   HOLDEN. 

On  July  3  the  immersion  of  a  small  star  was  observed 
with  the  36-inch  refractor,  at  91'  lm.0  Pacific  standard  time. 
The  star  was  not  visible  at  emersion  until  it  was  5"  from  the 
limb.     At  9h  2 the  star  preceded  the  limb  of  Mars  by  ex- 

Lick  Observatory,  1888  July  31. 


actly  one  diameter.  1  assume  the  star  to  be  an  11  mag. 
given  on  Chacornac's  Chart  No.  39  (1852.5),  in  R.A. 
131'  17m  2.V±  and  Decl.  —9°  3'.  This  star  will  be  observed 
with  the  Repsold  Meridian  Circle  of  the  Observatory. 


ANNOUNCEMENT  AS  TO   THE   NEW   SCIENCE   OBSERVER   CODE. 

[From  the  Science  Observer  Special  Circular  No.  S2.] 
On  and  after  October  1,  1888,  the  new  Science  Observer  Code  will  be  used  in  the  telegraphic  distribution  of  announce- 
ments of  discovery. 
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FILAR-MICROMETER  OBSERYATIOXS  OF  COMET  1888c   (BROOKS), 


MADE   AT   THE   DUDLEY    OBSERVATORY, 

By  LEWIS  BOSS. 


1888  Albany  M.T. 

* 

No. 

Comp. 

la 

-* 

&/'s  apparent 
a                             S 

log 

for  a 

PA 

lord 

d         h        m        s 

Aug  26     9  48   17 

27     8  39  46 

Sept.  6     8  24  50 

5 
6 

7 

12,4 
Ifi  .  8 
12  .  4 

in          s 

+  3  58.51 

0  26.79 

+  5  13.50 

—4  38.3 

2  44.3 

—0  47.9 

h       xn         s 

12  34    19.54 

12  41      7.04 

13  45  23.59 

+40  13  36.1 

39  41   10.8 

+32  50  59.0 

9.$739 
9.749 
9.711 

0.803 
0.703 
0.694 

Mean    Places  for  1888.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

c-                       Red.  to 
0                1  app.  place 

Authority 

5 

6 

7 

h       m        s 

12  30  21.82 

12  40  40.71 

13  40  10.31 

■ 

—  .7  1 

.49 

.22 

O               1             tl 

+  40  18     8.4 

39  43  48.6 

+  32  51  39.0 

+  6.o 
6.5 

+  7.9 

Weisse  613 
Bonn  VI  39 ?. 2559 
Leiden  A.G.  zones  (2) 

Notes.  —  Aug.  26.  Comet  extremely  faint  owing  to  fog.  Aug. 
27.  Sky  remarkably  clear.  The  comet  has  a  star-like  nucleus  of 
about  eleventh  magnitude  upon  which  the  observation  could  be 
sharply  made.  The  surrounding  nebulosity  is  well  condensed  and 
symmetrical  —  perhaps  25     in  diameter.     The  tail  was  faintly  per- 


ceptible in  approximate  position-angle  310c,  and  Is  estimated  to  be 
about  3'  in  length.  The  total  effect  of  the  light  of  the  head  was 
estimated  to  be  a  little  fainter  than  the  comparison- star  —  say  mag- 
nitude 9.5. 


FILAR-MICROMETER  OBSERYATIOXS  OF  COMET  1888  e  (barxard), 


MADE  AT   THE    DUDLEY   OBSERVATORY, 

By  LEWIS  BOSS. 


1888  Albanv  M.T. 

* 

No. 

#- 

-* 

^^s  apparent 

log/  A 

Comp. 

la 

a 

6 

for  a            for  6 

d            fa          Dl            8 

111                v 

t       n 

h       ill         s 

o        ;           tt 

U 

Sept.    5   15  26  14 

1 

18  ,  6 

—2  4S.22 

+  1  35.8 

6  51  59.37 

+  10  48  28.6 

«9.605 

0.729 

5   16  29  28 

1 

9  .  3 

—2  48.17 

+  1   23.6 

6  51   59.42 

10  48  17.2 

n.9.528 

0.705 

6  15  25  58 

1 

21  .  7 

—2  55.94 

—2  30.0 

6  51  51.67 

10  44  22.8 

M9.602 

0.728 

10  15  51   21 

2 

15  ,  5 

—1   32.:.  7 

+  2  28.5 

6  51     7.34 

10  27  10.5 

?t9.554 

U.714 

10  16  18  13 

3 

9  ,  3 

—3  53.32 

+  4   17.7 

6  51     7.26 

+  10  27     3.7 

/(9.512 

0.705 

Mean  Places  for  1888.0  of  Comparison-Stars. 


* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

1 
1 

2 
3 

h         m        e 

6  54  46.97 

6  52  39.16 
6  54  59.85 

+  '.62 
.64 

.75 
+  .73 

o            /            II 

+  10  46 

10  24   42.7 
+  10  22  46.7 

—0.8 
0.8 
0.7 

—0.7 

Glasgow  1 720 

.4                       tC 

Schjellerup  2450 
Schjelleiup  2471 

Notes.  —  Sept.  5.  The  comet  has  a  soft  but  condensed  light. 
The  coma  is  somewhat  less  than  30"  in  diameter,  and  symmetrical. 
The  condensation  is  very  uniform  toward  the  center,  without  a  dis- 
tinct nucleus.  Under -illumination  the  central  parts  —  some  5"  in 
diameter  —  appear  as  a  star  of  the  11.5  magnitude.     Sept.  6.  There 


is  a  very  small  nucleus  of  about  the  loth  magnitude.  Sept.  10.  The 
nebulosity  is  elliptical,  with  axes  of  about  40"  and  60",  respectively. 
The  position-angle  of  the  major  axis  is  roughly  estimated  315°. 
Nuclear  condensation  well  marked,  and  is  perhaps  10"  south  of  the 
center  of  the  uebulous  mass. 
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ELEMENTS  AND  EPHEMERIS   OP   COMET   1888  e    (barnard), 

By  LEWIS  BOSS. 


The  elements  here  presented  depend  upon  the  mean  of 
observations  at  Albany  and  Madison  (Wis.)  on  Sept.  6.9, 
the  mean  of  two  observations  at  Albany  on  Sept.  10.9,  and 
a  position  formed  by  applying  the  micrometer  differences 
obtained  by  Barnard  at  the  discovery  observation  to  a  po- 
sition secured  at  Albany  by  comparing  the  comparison-star 
used  by  Barnard  with  Weisse  VI  1463,  which  was  observed 
by  St  ii.iellerup  also.  The  Madison  positions  of  Sept.  4, 
5  and  6,  were  kindly  communicated  by  Mr.  H.  V.  Egbert. 

Following  are  the  elements  : 

T  —   1888  December  111. 4074  G.M.T. 
co  =  357°  4.V.8  ) 

Q,  =       8    22  .7  J- Apparent  equinox 
i  =  165      6  .8  ) 
log  q  =  0.13C83 

The  outstanding'  differences  (C — O)  for  Sept  6.9  were: 
J/,  cos.j',  +42". 0  ;  Jp,  +4". 4.  The  theoretical  ratio  of  these 
differences  should  have  been  +9.0,  and  is  actually  found  to 
be  +9.5.  Further,  the  quotient  of  tan  (I — L)  by  sin  p1,  for 
the  middle  place  (expressed  as  a  logarithm)  was  for  the  ob- 
served ).  and  p,  9.385839,  and  for  the  calculated  ).  and  p', 
9.385842.  It  therefore  appears  that  no  essentially  better 
representation  of  the  middle  place  could  have  been  obtained 
through  a  value  of  the  ratio  of  geocentric  distances  differing 

Dudley  Observatory,  1888  September  11. 


very  much  from  that  actually  employed.  The  large  dis- 
crepancy in  longitude  points  either  to  an  error  in  the  data 
employed  ;  or  it  is  barely  possible  that  it  may  be  due  to 
variation  from  parabolic  motion. 

It  goes  without  saying  that  the  determination  of  elements 
under  the  circumstances,  in  which  the  total  motion  in  geo- 
centric longitude  for  eight  days  was  less  than  14',  and  in 
latitude  less  than  34',  is  extremely  uncertain.  I  therefore 
offer  the  subjoined  ephemeris,  not  with  the  expectation  that 
the  comet  will  actually  follow  the  indicated  path  very  closely. 
It  may  be  mentioned  that  the  present  elements  give  a  theo- 
retical brightness  at  perhelion  of  about  70,  which  would  be 
largely  iucreased  by  the  known  tendency  of  comets  to  exceed 
theii'  theoretical  brightness  when  moving  toward  perihelion. 

Ephemeris  for  Greenwich  Midnight. 


Inss 

App.  a 

App.  g 

log  A 

Light 

Sept.  12.5 

6  50  :;:) 

+  10  19 

0.2978 

1.44 

16.5 

6  49     4 

9  59 

0.2694 

1.70 

20.5 

6  46  40 

9  35 

0.2384 

2.04 

24.5 

6  43  25 

9     7 

0.2055 

2.47 

28.5 

6  39     9 

8  36 

0.1672 

3.07 

Oct.      2.5 

6  33  15 

7  58 

0.1262 

3.85 

6.5 

6  25  22 

+    7  12 

0.0810 

4.93 

OX  THE   NEW  VAPJABLE    V  HYDRAE, 


10h  44m  34*. 

By  E 

This  star,  which  is  No.  3881  of  Chandler's  Catalogue, 
lies  within  the  region  of  my  revision  of  the  Uranometria 
Argentina  ;  and,  upon  seeing  the  announcement  by  Mr. 
Chandler  of  his  establishment  of  its  variability,  I  have  gone 
over  my  records  for  this  work,  and  also  of  observations  of 
suspected  variables.     I  find  one  observation  of  it  on  1884 


—20°  28'.8   (1855.0), 
F.   SAWYER. 

March  22,  at  about  9h.  The  star  was  then  5  steps  brighter 
than  SDM.  —  20°. 3280,  and  3  steps  fainter  than  SDM. 
—19°. 3122;  thus  about  7\4.  This  year  the  star  has  not 
been  much  brighter  than  9M.  being  barely  visible  in  the  field- 
glass.     Hence  the  variability  appears  to  be  fully  confirmed. 
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ON   THE   MUTUAL   ACTION   OF   THE    SATELLITES   OF    SATURN, 

By  SIMON  NEWCOMB. 


Four  years  ago  I  showed  that  the  apocentre  of  Hyperion 
moves  under  a  law  unrecognized  in  the  case  of  any  other 
body  of  the  solar  system,  in  that  it  librates  on  each  side  of 
the  mean  conjunction-point  of  Hyperion  and  Titan.  The 
theory  of  the  motion  lias  been  discussed  by  Tisserand, 
Stone,  and  Hill.  The  last  two  have,  by  mechanical  quad- 
rature, derived  a  mass  of  Titan  which  is  probably  very 
accurate.*  Tisserand  has  shown  that  the  motion  of  the 
periceutre  of  Ili/jicrirm  may  be  represented  as  a  perturbation 
of  the  coordinates  of  the  satellite,  and  Stone  has  considered 
the  subject  from  this  point  of  view. 

I  now  propose  to  consider  the  question  whether  similar 
relations  may  not  subsist  among  the  motions  of  the  five  inner 
satellites,  and  to  indicate  the  general  theory  on  which  such 
relations  depend. 

§  1.  The  apprehension' of  the  theory  is  facilitated  by  the 
conception  of  conjunction-points.  Let  I  and  /'  be  the  com- 
mon mean  longitudes  of  two  planets  or  satellites  ai  two  con- 
secutive mean  conjunctions.  If  we  assign  to  an  imaginary 
point  such  a  constant  mean  motion  that  it  moves  from  /  to  I' 
during  the  interval  between  two  consecutive  mean  conjunc- 
tions, then  all  mean  conjunctions  of  the  actual  bodies  will 
take  place  on  this  moving  point.  Instead  of  a  single  con- 
junction-point, we  may  choose  several  equidistant  ones, 
affected  with  a  common  movement  such  that  the  actual  con- 
junctions shall  take  place  on  the  several  points  in  some 
consecutive  order.  The  theory  of  the  subject,  which  is  quite 
simple,  is  developed  in  Astronomical  Papers  of  the  American 
Ephemeris,  Vol.  I. 

If  the  mean  motions  n  and  n'  of  two  bodies  are  such  that 
(t  being  any  integer) ,  (t  +  l)n' — in  is  small  compared  with 
n  or  n',  the  motion  of  the  conjunction-point  will  be  slow 
compared  to  n  or  n' . 

We  then  have  the  following  theorems  :  — 

I.     If,  in  the  case  of  two  nearly  circular  orbits,  the  motion 

*  The  agreement  between  the  values  of  the  mass  deduced  in- 
dependently, by  Hill,  from  the  motion  of  Hyperion,  and  by  II. 
Struve,  from  that  of  Iapetus,  is  remarkable.  Hill's  value  is 
47V41  Stiiuve's  jbVh  (Cf.  this  Journal,  No.  176). 


of  the  conjunction-point,  taken  singly,  is  slow  compared 
with  that  of  the  bodies,  then  the  mutual  action  of  the  latter 
will  tend  to  generate  an  eccentricity  in  each  orbit,  such  that 
the  lines  of  apsides  of  the  orbits  shall  coincide  with  the 
conjunction-point. 

II.  At  any  epoch  such  values  may  be  assigned  to  the 
eccentricities  and  pericentres  of  the  two  orbits,  that  the  ec- 
centricities shall  remain  invariable,  while  the  line  of  apsides 
shall  move  round  with  the  conjunction-point. 

III.  If  the  eccentricity  and  periceutre  differ  a  little  from 
the  values  thus  defined,  they  will  librate  around  those  values. 

To  derive  these  theorems  we  have  to  consider  only  the 
terms  of  the  disturbing  force  which  are  of  the  lowest  order 
with  respect  to  the  eccentricities,  together  witli  those  arising 
from  the  ellipticity  of  the  planet.     These  terms  are  :  — 

For  the  action  of  the  outer  on  the  inner  body : 


R  =  \  8  -e2+  -rey  cos   (i+i)  V  +  il—n 
-  r  a  a'  \ 

and  for  the  action  of  the  inner  on  the  outer  one. 


B'  =  J-  8  -,  e'2+  -,  e'y'  cos  (  (i+  1 )  l'  +  il—n' 


Here  8  is  a  numerical  factor,  depending  on  the  ellipticity 
of  the  central  body,  ,v.  is  the  mass  of  the  latter,  and  y  and  y' 
are  functions  of  the  mean  distances.  The  other  symbols 
have  the  usual  signification. 

Instead  of  e  and  n  we  introduce  rectangular  coordinates  of 
the  centre  of  the  orbit,  taken  negatively, 

h  =  e  sin  n  h!  =  e'  sin  n' 

k  =  e  cos  71  k'  =  e'  cos  n' 

Then  the  known  differential  equations  for  h  and  k  are, 


an  dR 
~iT  dk  ' 

an  clR 
~jl  dh   ' 

Putting  for  brevity 

V=  (i+l)l'—il 


DJi  = 

D,k  =  — 


D,h'  = 


a'n'  dR' 

"vTdk' 


p.     dh 
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the  longitude  of  the  conjunction-point, 

n 


( 

'4-1)  n 
ri 

'+in 

(> 

+  1)  n 

+  in 

a 

a' 

we  shall  have 


E  =  A  ?—  (h-  +  k-)  +  —, I  (h  sin  V+Jc  cos  V) 
-a  a 

R'  =  1  ^  (/('-+  ft'2)  +  —,'  (h1  sinV+k' cosV) 

-    a  a 

Til  I    7    _L    '"'""  TT 

£),/(  =  fink  -  -  •■  cos  V 


D.k  — 
Dfl'  = 


I' 
—  pun y  sin  I 

fl'n%'  +  ^1  r'eosF 


r'siuF 


The  integrals   of   these  equations  may   be   put   into   the 
form 

m'av 


h  = 


k  = 


in 'cry 


sin  F  +  c  siu(e+pW) 


cosT/+  c  cos(e-r-jSni) 


//  = 


-^^sinF+c'smf^-fpVO 


//(/'  ;• 


fc'  =  ;„      cosF+c'cos(e'+(3'n'0 


>'.  <■',  t  aud  s'  being  arbitrary  constants.     If  these  constants 
vanish  these  values  of  h  and  k  will  give 

m'avy 

€  =  ±  /7(i=pvy 

,7=  For  V±  180° 

It  will  be  remarked  that  the  product  pV  is  the  ratio  of  the 
secular  motion  of  the  perihelion,  arising  from  the  elliptieity  of 
the  planet,  to  the  motion  of  the  conjunction-point.  It  follows 
that,  if  these  motions  are  nearly  equal,  the  eccentricity  will 
be  greatly  increased,  and  that  if  the  former  is  the  greater, 
the  direction  of  the  perihelion  of  the  disturbed  planet  will  be 
reversed. 

§2.  Tin-  pairs  of  satellites  to  which  the  preceding  theory 
best  applies,  arc  Mimas- Tethys  and  Enceladus-Dione.  The 
following  are  the  values  of  the  mean  daily  motious. 


Mimas;     n  =  381.9908 

Tethys;  2ri  =  381.3968 

D,  V       =  —0.5940 


Enceladus;  n  =  262.7318 

Dione;        2ri  =  263.0698 

D,V  =  +0.3380 


Admitting  that  the  annual  motion  of  the  pericentre  due  to 
the  elliptieity  of  Saturn   is  31'. 3  in  the  case  of   Titan,  we 


have  the  following  daily  motions  of  the  pericentres  of  the 
satellites  in  question  due  to  this  cause.  The  estimated 
masses  are  added. 

At  - 


Mimas 

+  1.050 

1 

500  000 

Enceladus 

0.438 

1 

270  000 

Tethys 

0.207 

1 

75  000 

Dione 

+  0.087 

1 

85  000 

The  masses  are  estimated  from  Pickering's  photometric 
comparisons,  assuming  the  density  and  albedo  of  each  to 
correspond  to  those  of  Titan,  aud  the  mass  of  the  latter  to 
be  1  :  4800.  Of  course  such  estimates  are  hardly  better  than 
rough  guesses. 

An  inspection  of  the  preceding  constants  shows  that  the 
largest  eccentricity  generated  by  the  action  will  be  that  of 
Enceladus  due  to  the  action  of  Dione.  In  the  case  of  the 
action  of  the  latter  planet  on  the  former  we  have  for  the 
term  of  the  perturbative  function  which  comes  into  play  :  — 


=  0.6305 


a' 11  =  —1.193  em'  cos {21'— I— n) 

=  —1.193  m'(h  sinF+A-  cosF) 
DJi  =      .00167  nk  —  .000  008  95  n  cosF 
D,k  =  —.00167  nil  +  .000  008  95  n  sinF 

The  integration  of  these  equations  gives 

h  =  e  sin  rr  =  .024  siuF  +  c  sin(0°.438*+e) 
k  =  e  cos  n  =  .024  cosF  +  c  cos(0°.438i+r) 

If  we  substitute  for  Fits  value  given  by  observations,  re- 
duce the  time  t  from  days  to  years,  aud  put  for  <b  the  dis- 
tance of  the  pericentre  from  the  node  of  the  ring  upon  the 
equator,  we  shall  have 

e  siu  w  =  .024  sin(F0+123°.5«)  +  c  sin(e+160°.0*) 
e  cos  &)  =  .024cos(F0+123°.5f)  +  c  cos(e  +  160°.00 

Here  F.  is  the  longitude  of  the  conjunction-point  at  the 
epoch  t  =  0  counted  from  the  same  origin  as  co.  The  arbi- 
trary constants  c  and  ;  can  be  determined  only  from  obser- 
vation. 

Owing  to  the  fact  that  the  motions  of  the  two  angles  differ 
li\  only  36°  per  annum,  the  eccentricity  may  have  a  10-year 
period,  and  the  two  terms  can  be  completely  separated  only 
by  observations  extending  through  that  period.  In  the  dis- 
cussion of  the  observations  it  is  to  be  noted  that  three  un- 
known quantities  enter  into  the  expression,  namely,  c.  -:  and 
the  correction  of  the  coefficient  .024.  This  contains  the 
mass  of  Tethys  as  a  factor,  aud  therefore  depends  on  the 
value  of  that  mass. 

There  are  a  number  of  other  relations  of  long  period 
among  the  satellites  of  Saturn.  But  from  an  examination 
of  them  all  I  infer  that  none,  except  those  already  con- 
sidered, can  give  rise  to  inequalities  large  enough  to  be  de- 
tected by  observations  from  the  earth. 
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THE   AUGUST   PERSEIDS,    1888, 


By  EDWIN'  F.  SAWYER. 


The  observations  of  this  annual  meteor  shower  were  con- 
fined this  year  to  the  evening  of  August  10,  all  the  other 
evenings  from  August  6  to  13,  inclusive,  being  unfortunately 
overcast.  The  night  of  the  10th.  however,  was  remarkably 
clear,  and  a  watch  of  three  hours  was  maintained,  beginning 
at  ten  o'clock.  The  observations  were  made  at  Beachmout, 
Mass.,  and  the  center  of  observation  was  in  Perseus.  I  was 
ably  assisted  by  Mr.  Charles  \Y.  Mead,  who  kept  a  record 
of  the  number  of  meteors  seen  in  each  half  hour,  their  mag- 
nitudes, etc.  ;  while  my  attention  was  confined  to  mapping 
such  tracks  as  were  observed  with  sufficient  accuracy  to  be 
of  use  in  determining  radiant  points.  The  following  table 
shows  the  number  of  meteors  recorded  by  Mr.  Mead  during 
the  watch  of  three  hours. 


Meteor  Tracks  Mapped. 


Limits  of  Watch 

Dur- 
ation 

Meteors  Seen 

Perseids 

Others 

Total 

h       ni          h       m 

10     0-10  30 

10  30-11     0 

11  0-  11  30 

11  30-12     0 

12  0-12  30 
12  30 -IS     0 

in 

30 
30 
30 
30 

Mil 

30 

13 
17 

18 
27 
21 
22 

7 
4 
7 

11 
5 

10 

20 
21 
25 
38 
26 
32 

Total 

180 

118 

44 

162 

Per  cent,  of  Perseids.  73.0  ;  of  other  meteors,  27.0. 
magnitudes  of  those  recorded  were  as  follows  : 


The 


>lM 

1« 

OM 

3" 

4"< 

Total 

Perse  ids 

5 

15 

2!) 

17 

52 

118 

Others 

0 

3 

4 

G 

31 

44 

Total 


18 


33 


23 


83 


1G2 


Thirty-three  tracks  were  mapped,  twenty  of  them  having 
been  very  accurately  noted.  The  radiant-point  of  the  Per- 
seids was  very  precisely  fixed  at.  R.A.  4 7°. 5  ;  Decl.  +58  . 

Camhi  iih/rjiort,  1888  September  16. 


No. 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2  7 
28 
29 
30 
.",1 
32 
33 


Camb. 
M.T. 


9  7 
9  24 
'.)  53 
9  58 


in 
10 


HI  12 
10  17 
in  20 
10  23 
10  26 
in  28 
10  43 
10  44 

10  45 
in  19 
111  5 (', 
in  ;,7 

11  13 
11  25 
11  30 
11  40 
11  41 
11  44 
11  46 

11  55 

1 2  0 
12  14 
12  30 
12  35 
12  38 
12  in 
12  42 


Mas 


3 
>1 

•_> 

4 
1 
3 
3 
1 
5 
3 
4 
1 
>1 
3 
3 
1 
1 
2 
5 
1 
5 
3 
5 
1 
1 
1 

1 
4 
1 
2 
2 
2 


From  To 

R.A.     Decl.  R.A.     Decl. 


Observed  Path 


44  +01 

2'.i 

;,:;• 
7.) 
.V.I  A 
30 
■; 


256 

7 
1 05 
2il 
10 
2T. 
2:1 
22 
11 
17 
49 
30 
20 
65 

15 

33 

284 

54 

350 

359 

10 

29 

7 

355 

358 

46 

25 

53 


_'/ 
42 

62 
60 

:;i; 
;,:i 
12 
64 
53 
39 
89^ 

:!.-! 

in 

41 

56 

274 

30 

42 

39  \ 

.s.sl 

564 

54 

72 

:;n 

-53 


3o 
358 

347 
352 
184 

10 
4 

22 

■•;  1 ', 

10 

3594 

30"" 

39 

32 
358 

721 

43 

226 

8 

:il 

21; 

56 
356 
3431 

20 

.",1 
3564. 
234 
7 

60 
5 

55 
355 


+ 


Length 

of 

Path 


62 

16 

12 

534. 

57 

59 

11 

15 

31 

614. 

584 

35 

55 

31 

65 

-19 

2 'J 

75 

53 

22 

2'.i 

33 

574 

15 

15 

31 

2*4 

71 

58 

584. 

87 

211 
-484 


5 
14 

16 
10 
16 

4 
18 
l:; 
11 

6 

6 
10 

6 
11 

10 

7 

10 

12 

6 

12 

11 

8 

4 

15 

15 

10 

11 

16 

6 

9 

15 

10 


wt. 


4 

4 

2 

3 

4 

4 

3 

3 

4 

4 

4 

2 

4 

4 

3 

3 

4 

4 

4 

4 

4 

3 

4 

3 

3 

4 

4 

4 

4 
o 
o 

.". 

3 

4 


Notes.  —  X"-.  :;.  It  and  18  weremapped  by  Mr.  Mead.  Nos.  17. 
•i:  and  30  were  of  a  green  color.  No.  27  was  a  very  tine  one,  as 
bright,  as  Jupiter,  and  left  a  streak  visible  fifteen  seconds.  In  the 
column  of  weights,  4  indicates  an  accurate  observation.  1  a  poor 
one. 


EPHEMERIS   OF   VARIABLES   OF   THE   ALGOL-TYVK. 

Approximate  Greenwich  M.T.,  1888. 


October 


R  Canis  Maj. 
r  Coron.  Bor. 
}'  Cygni 
).    Tauri 
Algol 
Y  Cvgni 


15 
16 
16 
17 
18 
19 


1:1 
15 
16 
20 
20 
16 


[For  remarks  and  comparison-stars  see  Vol.  VII,  p.  187  ft'.] 


October 


I '  ( lephei 
R  Canis  Maj. 
Algol 

).    Tauri 

R  Canis  Maj. 

Y  Cygni 


20 
21 
21 
21 
22 
■>■> 


15 
11 
17 

19 
14 
15 


October 


U  Coron.  Bor. 
It  Canis  Maj. 

Algol 
R  Canis  Maj, 
i    1  ephei 
FCvgni 


2.", 
23 

2  1 
24 
25 
25 


12 
17 
14 
21 
15 
15 


October 


I 


Tauri 

Algol 
F  Cygni 
/,'  Canis  Maj. 
S  Cancri 
I    Tauri 


25 
2  7 
28 
29 
29 
29 


is 
11 
15 
10 
12 
17 


( Ictober 


Algol 
U  Coron.  Bor 
R  Canis  Maj. 
U  ( 'ephei 
Y  Cygni 
R  Canis  Maj. 


30 
30 
30 
30 
31 
31 


!i 

8 

10 
l:; 
14 
15 
16 
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November 

November 

November 

December 

December 

d        h 

d        h 

il         h 

d         h 

•1       h 

'/.   Tauri 

2  if, 

Algol 

16   13 

Y  Cygni 

27    14 

Y  Cygni 

6    14 

R  Canis  Maj. 

20   16 

R  Canis  Maj. 

2  23 

R  Canis  Maj. 

16   14 

U  Cephei 

29   12 

).    Tauri 

8     6 

Y  Cygni 

21   13 

Y  Cygni 

3  15 

S  Cancri 

17   11 

A    Tauri 

30     8 

R  Canis  Maj. 

9     7 

R  Canis  Maj. 

21   19 

( '  Cephei 

4  14 

7i"  Canis  Maj. 

17   17 

Y  Cygni 

30  14 

Algol 

9   11 

R  Canis  Maj. 

22  23 

;.     Tauri 

6   15 

/.    Tauri 

18   11 

Aigol 

30  20 

U  Cephei 

9   12 

Algol 

23    19 

Y  Cygni 

6  15 

T  Cygni 

18   15 

Y  Cygni 

9   14 

('  (  ephei 

24    11 

R  Canis  Maj. 

8  15 

R  Canis  Maj. 

l.s   20 

December 

R  Canis  Maj. 

10  11 

Y  Cygni 

24   13 

f  'Cephei 

9   11 

Algol 

19     9 

/,'  <  lanis  Maj. 

1     9 

R  Canis  Maj. 

11    14 

S  Cancri 

25     9 

F  Cygni 

9  15 

U  Cephei 

19   13 

R  Canis  Maj. 

2   12 

Algol 

12     8 

R  Canis  Maj. 

26     8 

R  Canis  Maj. 

9  18 

Y  Cygni 

21   14 

Y  Cygni 

3   14 

Y  Cygni 

12   14 

Algol 

26  16 

a   Tauri 

10  15 

Aigol 

22     6 

R  Canis  Maj. 

:;  15 

R  Canis  Maj. 

12   17 

R  Canis  Maj. 

27   12 

Algol 

10  19 

).    Tauri 

22   10 

Algol 

3   17 

1!  ( lanis  Maj. 

13  21 

Y  Cygni 

2  7   13 

F  Cygni 

12  15 

U  Cephei 

24  13 

I    Tauri 

4     7 

U  Cephei 

14   11 

R  Canis  Maj. 

28   15 

Algol 

13   16 

R  Canis  Maj. 

24   13 

U  < lephei 

1    12 

Y  Cygni 

15   14 

V  <  lephei 

29   10 

J.   Tauri 

14   12 

Y  Cygni 

24   14 

R  Canis  Maj. 

4   18 

R  (  lanis  Maj. 

is   10 

Algol 

29   13 

U  Cephei 

14  13 

R  Canis  Maj. 

25  16 

R  Canis  Maj. 

5  22 

Y  Cygni 

18   14 

R  Canis  Maj. 

29    18 

A'  Canis  Mai. 

15  11 

1    'Tauri 

26     9 

£  Cancri 

6   10 

U  Cephei 

19   11 

Y  Cygni 

30  13 

Y  Cygni 

15  15 

R  Canis  Maj. 

26   19 

Algol 

6   14 

I!  ( lanis  Maj. 

19    13 

R  Canis  Maj. 

30  21 

OX  THE  VALUE  OF  THE  SOLAR  PARALLAX  DEDUCIBLE  FROM  THE 
AMERICAN  PHOTOGRAPHS  OF  THE  LAST  TRANSIT  OF  VENUS, 

By  WILLIAM  HARKNESS. 
[Abstract  of  a  paper  read  at  the  Meeting  of  the  American  Association  for  the  Advancement  'if  Science,  at  Cleveland,  <  >.,  August,  1888. 


In  this  paper  an  account  was  given  of  the  instruments  and 
processes  employed  by  the  U.S.  Transit  of  Venus  Commis- 
sion in  determining  the  solar  parallax  from  photographs  of 
the  transit  of  Venus  which  occurred  in  December,  1882. 
Let  n  be  the  solar  parallax,  and  SA  and  SD,  respectively,  the 
corrections  to  the  right  ascensions  and  declinations  of  Venus 
given  by  Hill's  tables  of  that  planet.  Then,  upon  the  as- 
sumption that  Hansen's  tables  of  the  sun  are  correct,  there 
resulted  from  measurements  of  the  distances  between  the 
centers  of  the  sun  and  Venus,  made  upon  1175  photographs 
taken,  respectively,  at  Washington,  D.C.  ;  Cedar  Keys, 
Fla.  ;  San  Antonio,  Tex.  ;  Cerro  Roblero,  N.M.  :  Welling- 
ton, South  Africa  ;  Santa  Cruz,  Patagonia  ;  Santiago,  Chili ; 
Auckland,  New  Zealand ;  Princeton,  N.J.  ;  and  the  Lick 
Observatory,  Cal., 

n=      8.847  "±0.012" 

8 A  =  +2.893 

bD—  +1.254 


and  the  corresponding  mean  distance  from  the  earth  to  the 
sun  is  92,385,000  miles,  with  a  probable  error  of  only 
125,000  miles. 

These  numbers  arc  doubtless  close  approximations  to  the 
results  which  will  be  obtained  from  the  complete  discus-ion 
of  all  the  photographs,  bul  they  cannot  be  regarded  as  final, 
for  several  reasons,  chief  among  which  is  the  fact  that  the 
reduction  of  the  position  angles  of  Venus  relatively  to  the 
sun's  center  is  still  unfinished.  When  these  angles  are  com- 
bined with  the  distances,  it  is  likely  that  the  probable  error 
of  the  parallax  will  lie  somewhat  reduced. 

The  photographs  taken  at  the  Lick  Observatory  seem  to 
indicate  that  for  altitudes  four  thousand  feet  above  the  sea 
level  the  values  of  the  refraction  given  by  the  tallies  in  gen- 
eral use  are  somewhat  too  large. 

Wuslihif/ton,  D.C.  18S.S  Si'ptimber  14. 


DISCOVERY  AND   OBSERVATIONS   OF   A   COMET,    1888  e, 

By  E.  E.  BARNARD,  Astronomer  of  the  Lick  <h;mi:\  wory. 
[Communicated  by  the  Director.] 


On  the  morning  of  September  3,  after  observing  Faye's 
comet,  I  began  comet  seeking  with  the  4-iuch  broken-tube 
comet  seeker.  A  faiutish  and  suspicious  object  being  swepl 
up,  it  was  at  once  examined  with  the  12-iuch  equatorial,  and 
from  its  physical  appearance  and  the  absence  of  any  recorded 
nebula  at  its  place,  it  was  assumed  to  be  a  comet,  and  filar- 


micrometer  positions  were  obtained.  No  certain  motion 
could  lie  detected  during  these  observations;  but.  from  a 
thorough  knowledge  of  that  region  of  the  sky.  I  had  no 
hesitation  in  announcing  it  as  a  comet. 

'The   comet    was    round,    about    1'   in   diameter,   gradually 
brighter   in  the   middle  to  an  ill-defined    nucleus,   with    no 
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trace  of  tail.     It  was   estimated   to  be  about  the  eleveuth 
magnitude. 


The  following  are  the  observations  so  far  obtained.    These 
observations  have  been  corrected  for  differential  refraction. 


FILAR-MICROMETER   OBSERVATIONS    OF    COMET    1888  e, 

.MADE   WITH    THE    12-INCH   EQUATORIAL   OF   THE    LICK    OBSERVATORY, 

By  E.  E.  BARNARD. 


1888. 

Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

-* 

u/'s  apparent 

a                       S 

log 

for  a 

/'A 
ford 

Red.  to 

app.  place 

tl        h        Mi          a 

Sept.     2  16  22  37 

1 

7,6 

in      > 
+  0  58.11 

i     a 
—  7  58.1 

h       m         s 

6  52   14.20 

+  1(1  .".!(    17.9 

ft9°.589 

0.648 

+  0^56 

—1.0 

3   16     2  20 

2 

8  ,  6 

—1    17.64 

—  7   11.1 

6  52  10.16 

10  55  45.1 

u9.617 

0.661 

0  57 

0.9 

4    15     3     1 

2 

6  ,  3 

—1   22.76 

—10  54.9 

6  52     5.03 

1(1  52      1.4 

«9.659 

0.686 

0.59 

O.S 

4  15  57  38 

3 

16  ,  4 

—2  42.68 

+   4  55.0 

6  52     5.24 

li)  51   48.  1 

w9.613 

0.658 

0.60 

0.8 

5  15  46     2 

3 

12  ,  3 

—2  49.1  1 

+   0  58.8 

6  51  58. si 

10  47  52.2 

n9.619 

0.661 

0.62 

0.8 

6  15  46  56 

3 

10  ,  3 

—2  57.00 

—  3     6.1 

6  51   50.95 

10  43  47.3 

&9.613 

0.659 

0.63 

11.8 

7  15  56     8 

4 

20  ,  9 

—0  10.80 

+-    1   27.0 

6  51  41.85 

Ki  39  34.4 

n9.599 

0.657 

0.67 

0.6 

8  15  58  44 

4 

14  ,  5 

—0  21.11 

—  2    18.6 

6  51   31.26 

10  35   L8.8 

»9.589 

0.653 

0.69 

0.6 

12  15  43  48 

5 

7,5 

+  0   17.32 

+  11   21.8 

6  50  34.34 

10  17  25.0 

ft9.589 

0.653 

0.83 

0.6 

14  15  57  19 

5 

20  ,  3 

—0  21.28 

+    1   4!). 4 

6  49   55.79 

1(1     7  52. 6 

n9.551 

0.646 

0.88 

0.6 

16  15  34     9 

5 

8  ,  5 

— 1      6.56 

—  8     ."-  0 

6  49    10.56 

9  58     0.3 

»9.574 

0.653 

0.94 

0.5 

17  16  20  11 

6 

12  ,  6 

—0  19.58 

+   5   14.8 

6  48  44.09 

9  52  41.4 

n9.480 

0.634 

0.97 

O.I 

17  1(3  45  41 

5 

4,3 

—1  33.43 

—  13  23.2 

6  48   43.72 

9  52  40.2 

>i9.408 

O.G26 

0.97 

0.5 

18  16  24  16 

6 

8,  1 

—0  47.46 

±   0     0.0 

6  48   16.24 

+   9    17  26.7 

a9.458 

0.631 

+  0.98 

—0.3 

Mean  Places  for  1888.0  of  Comparison- Stars. 


* 

a 

8 

Authority 

1 

2 
3 

4 
5 
6 

h        m        8 

6  51    15.53 
6  53   27.2:1 
6  54  47.32 
6  51  51.98 
6  50  16.19 
6  49     2.71 

O              1            11 

+  11      7   17.0 
11      2  57.1 
10  46  54.2 
10  38     8.0 
10     6     3.8 
9  47  27.0 

Comp.  with  Sehj.  2431 

Comp.  with  star  1 

'(2  Arm,  844  +W.B.  VI, 

W.B.  VI,  1535 

B.B.  VI,  10°,1335 

W.B.  VI,  1437 

1628) 

ELEMENTS   OF   COMET   1888  e, 


The  following  elements  were  computed  from  the  mean  of 
the  Albany,  Madison  and  Lick  observations  of  Sept.  5,  and 
Washington  observations  of  Sept.  12  and  19  ;  the  position 
of  the  19th  being  : 


Sept.  19.  15h50m47%    «=:6h47m  508.94,    5= +9°  42' 54". 2 
T=   1889  Jan.  31.01675  Gr.  M.T. 
ra  =   340°  40'  46" 
Q,  =  357    30  57    J 
i  —    166    21  57 
log  5  =  0.257942 


By  W.  C.  WINLOCK. 
[Communicated  by  the  Superintendent  D  S.  Naval  Observatory.] 

A  comparison  with  the  Albany  observation  of  Sept.  10, 
and  the  middle  place,  Sept.  12,  gives  : 

Sept.  10       Sept.  12 

(O— C)       J),  cos  (3=     —  S.'J  +2.4 

Z(j3=     —0.9  +0.9 

Was/iiiitjtoii,  1888  September  24. 
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ELEMENTS  AND  EPHEMERIS   OF 

COMET   1888 

q 

By   LEWIS   BOSS. 

The  elements  herein  given  are  computed  from  observed 

Isss 

App.  a 

App.  $ 

log  /' 

log  A 

Light 

positions  of   the  Barnard   comet,    which   approximate  the 

Oct. 

11.5 

h 

6 

111          s 

25  18 

+  7°  10.3 

0.35969 

0.2701 

dates  September  5.9,  September  14.9  and  September  26.8. 

12.5 

6 

23  30 

7      1.0 

0.35830 

0.2634 

2.9 

The  first  is  formed  from  the  mean  of  two  Albany  places  com- 

13.5 

1', 

21    37 

6  51.4 

0.35692 

0.2565 

bined  with  a  TNI t .  Hamilton  ami  another  Madison  position  ;  for 

14.5 

6 

1:1  39 

6  41.6 

0.35554 

0.2497 

the  remaining  dates  the  position  was  determined  at  Albany. 

15.5 

6 

17  :;4 

1;  31.5 

0.35416 

0.2427 

Assistance  was  derived  from  a  list  of  positions  kindly  com- 

16.5 

6 

15    24 

6  21.0 

0.3527s 

0.2357 

3.3 

municated  by  Mr.  Barnard.     From  four  of  these  a  normal 

17.5 

6 

13     7 

6   KI.2 

o.:;5140 

0.2286 

place  was  formed  of  date  September  18.001. 

18.5 

6 

in    11 

5  59.1 

0.351  MIL' 

0.2215 

The  elements  derived  are  these  : 

19.5 

6 

8   14 

5  47.7 

0.34sr,;, 

0.2143 

T=   1889  January  31.2269  G.M.T. 

20.5 

6 

5  37 

5  35.9 
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From  these  elements  it  appears  that  the  geocentric  dis- 
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comet  will  remain  visible  until  about  March  1,  when   its  dis- 
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Dudley  Observatory,  1888  September  29. 

ADDITIONAL   OBSERVATIONS  OF   COMET    1888  e, 

By  E.  E.  BARNARD. 


Greenwich  M.T. 

1888  Sept.  26.0217 
27.0296 
28.0286 
29.0204 


[Telegraphically  communicated  in    Prof.  E. 
App.  a  App.  .: 


1:    13  57. s 
13   L0.6 

12    20.2 

11    28.0 


+  9     7  11 

:>     1  1 

s  5  1  33 

+8    is  1 


Holden,  Director  of  the  Lick  Observatory.] 

The  above  observations  are  all  we  have  to  send  at  present. 
in  addition  to  those  already  communicated  by  mail. 

Sa     Jo    .  1  '■■  '..  L888  S  .  !.  29. 
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FILAR-MICROMETER  OBSERVATIONS  OF  COMET  1888 e, 

MADE    AT   THE   DUDLEY   OBSERVATORT, 

By  LEWIS  BOSS. 


1888  Albany  M.T. 
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26  14  29  21 

7 

• 

—6  21.51 

+  1    13.5 

6  43  20.96 

+   9     2  24.1 

«9.567 

0.727 

Mean   Places  for  1888.0  of  Comparison- Stars. 


Red.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

h        m        s 

- 

°    '     a 

4 

6  4*   11.80 

+0.88 

+  10   11     8.5 

—0.6 

Weisse's  Bessel  1414 

0 

6  5o   16.15 

- 

10     6     3.6 

0.6 

Bouu  VI.  10°1335 

0 

0.89 

0.6 

6 

6  40  24.50 

1.2D 

9   19   16.0 

0.0 

Comp.  with  Bonn  VI.  9~1383 

i 

6  49  41.2-". 

+  1.22 

+   9     1   10.9 

—0.3 

Bonn  VI,  '.'1442  (2  obs.) 

Xi  >TES. 

Sept.   13.     The  comet  appears  to  be  somewhat  indefinitely  elon-  |        Sept.  24.     Observation  easy  in  spite  of  bright  moonlight.     Lai. 
.     ed  in  position  angle  352°.  13017  gives  6    <       24    Bo, +9    10'  24".l,  for  the  position  of  the  star. 

S     -.   14.     A  light  fog  obscures  the  coma,  but  the  measures  are  Sept.  26.     M i  21    distant,  and  comet  faint. 

sufficiently  easy.     Probable  errors  :   Ja  ±s.03";   Jd  ± 


FILAR-MICROMETER  OBSERVATIONS  OF  COMET  1888  e, 

MADE   AT    THE    WASHBURN    OBSERVATORT,    MADISON,    WIS., 

By  H.   V.  EGBERT, 
[Communicated  by  permission  of  the  Director.] 


388  Madison  M.T. 
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for  1888.0  of  Comparison-Stars. 
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?                      Red.  to 
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Authority 
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2 
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h           11; 

6  54  46.97 

6  51  51.98 
6  50  16.11 

.   -.60 
+  .63 

(+.66 
+  .70 

+  .83 

o          I          >l 

+  10  46  53.6 

10  38      7.7 
+  10     6     2.9 

—0.8 

0.7 

—0.6 

Grant  1720 

W.B.  1535 

3542  Etoiles  Poulkova,  1134 

A  comparison  inR.A.  consists  of  a  transit  over  rive  threads.    The  On  Sept.  12  the  comet  was  compared  with  a  9-'.5  star,  and  this 

observations  have  been  corrected  for  differential  refraction.  compared  with  the  comparison-star. 
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OBSERVATIONS  OF   COMET   1888  a., 

MADE    AT    Till'.    HAVERFORD    OBSERVATORY    WITH   THE    10-INCH    EQTJATORtAL, 

By  F.  P.  LEAVENWORTH. 


1888  Haverford  M.T. 
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h        in  s 
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logpA 
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15     1     8.2 

+  45     1   15.5 
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Mean  Places  for  1888.0  of  Comparison- Stars. 
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Authority 

1 
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3 

h       m        s 

0  23  25.18 
ii  50  42.42 
0  51  56.54 

+  o.'oi 

0.1  1 
+  0.15 

O               f             ft 

+  40  13  31.6 

45     0   17.2 

+  44  59  34.6 

—12.2 

12.1 

—12.0 

Weisse's  Bessel  546 
Weisse's  Bessel  1255 
Weisse's  Bessel  1283 

Flu-  observation  of  June  1  was  made  with  a  square-bar  micrometer.  There  were  three  tails  seen  —  a  long  central  one,  and  a 
short  faint  one  on  each  side.  The  observation  of  June  18  was  made  with  a  filar-micrometer.  Nucleus  estimated  to  be  of  the  eleventh 
magnitude.     On  both  nights  the  nucleus  was  barely  distinguishable  from  the  tail. 
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OBSEEYATIOlSTS   OF   COMETS, 

MADE  AT   THE   DUDLEY   OBSERVATORY, 

By  LEWIS  BOSS. 


1888  Albany  M.T. 
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(Finlay.     Periodic). 
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—1  48.7    1       1     6 

22.07 
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12.7 
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These  include  all  my  observations  on  comets  no  longer 
visible,  that  are  hitherto  unpublished.  The  unfortunate  de- 
lay in  the  publication  of  results  for  comet  1880  e  is  due  to  a 
series  of  oversights  and  accidents  which  it  is  not  worth  while 
to  recall.  The  two  observations  of  comet  Olbers  are  by  Mr. 
H.  V.  Egbert. 

The  comparisons  for  comet  1880  e  from  Oct.  11  to  Nov. 


25,  inclusive,  and  for  comet  1886  e,  Jau.  21  and  27,  are  by 
filar-micrometer ;  the  remainder  are  ring-micrometer  com- 
parisons. 

The  Finlay  comet  in  February  was  rather  faint  for  the 
Albany  instrument,  as  was  comet  1888  a  for  the  observation 
of  July  28.  In  the  latter  case  there  seemed  to  be  no  well 
defined  head  ;  the  comet  was  merely  a  nebulous  streak. 
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13 

2 

49  42.66 

.23 

18 

25  39.9 

6.0 

«        «      (2) 

14 

2 

52     0.13 

.21 

18 

16  .".7.ii 

6.0 

»        '«      (2) 

15 

3 

32  37.2V 

—   .23 

+  21 

28  28.6 
1888.0 

—  6.2 

'•        "     (2) 

16 

17 

5  35.5 

—1.68 

—  3 

+   4.1 

S.DM.  —2^.4311 

17 

17 

8  37.9 

—1.69 

—  2 

59 

+    1.1 

S.DM.  — 2°.4319 

18 

1 

3   40.18 

+  2.1  1 

+  53 

8     9.1 

—  7.7 

Oe  A.  1160 

OX    THE    OBSERVATION    OF    THE    FAINTER    MINIMA   OF    THE    TELESCOPIC 

VARIABLES. 

By    S.    C.    CHANDLER. 


The  particular  in  which  our  knowledge  of  the  variables  is 
most  lamentably  defective  relates  to  the  character  of  the 
light-variations  of  those  stars  which,  in  their  fainter  phases, 
are  invisible  in  ordinary  telescopes.  A  very  large  proportion, 
fully  one-half,  of  the  periodical  variables  go  below  the  reach 
of  instruments  of  6  or  7  inches  aperture,  which  is  about  the 
size  employed  by  the  observers  who  have  done  most  of  the 
valuable  and  systematic  work  in  this  field.  Probably  not  a 
few  of  them  wane  to  a  point  which  would  tax  the  powers  of 
the  largest  existing  refractors,  even  if  they  do  not  disappear 
altogether.  Yet  the  larger  telescopes  have  been  brought 
into  the  service  not  at  all.  or  only  in  the  most  desultory 
fashion,  albeit  it  is  one  entirely  worthy  of  them.  Indeed, 
taking  a  broad  and  impartial  view  of  the  relative  importance. 
from  a  cosmological  stand-point,  of  the  various  researches 
which  would  best  utilize  the  optical  power  of  the  great  tele- 
scopes, the  one  here  indicated  does  not,  it  seems  to  me, 
occupy  a  secondary  place. 

Very  likely  one  reason  why  the  larger  instruments  have 
not  yet  been  turned  to  investigations  of  this  sort  has  been 


the  fear  of  losing  much  time  in  identifying  the  variables  near 
minimum;  and  another  reason  has  been  entire  ignorance  ol 
the  times  of  minima,  an  approximate  knowledge  of  which  is 
necessary  to  concentrate  the  observations  effectively,  and 
avoid  the  waste  of  effort  involved  in  following  phases  of 
light-variation  which  can  be  seen  in  smaller  and  more  easily 
handled  telescopes. 

In  the  hope  that,  if  means  were  furnished  ready  to  hand 
for  economizing  the  labor  of  observation,  some  of  our  large 
refractors  might  be  directed  to  this  highly  interesting  and 
important  work.  I  have  undertaken  the  present  article  to 
supply  the  data  to  facilitate  it- 
First  are  given,  for  all  the  stars  of  my  catalogue  whose 
minimum  brightness  is  less  than  the  thirteenth  magnitude, 
and  for  which  Schonfeld's  or  my  observations  furnish  the 
means,  the  positions  of  the  smaller  stars  near  the  variables 
visible  in  telescopes  of  moderate  size.  These  small  stars 
were  tilled  in  by  allineation  upon  my  charts  at  the  telescope, 
merely  for  the  identification  of  the  variables  during  their 
fainter  phases  ;   the   magnitudes    here  given,   therefore,   are 
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not  to  be  treated  as  careful  estimates  or  measurements,  but 
rather  as  rude  readings  from  the  charts.  The  same  is  true 
of  the  differences  of  position  from  the  variables,  indicated  in 
the  list.  But  I  believe  them  to  be  in  all  cases  accurate 
enough  to  identify  the  latter  beyond  doubt.  To  distinguish 
between  the  data  taken  from  my  own  charts  and  those  given 


by  Schonfeld,  which  are  doubtless  more  carefully  assigned, 
they  are  followed  by  the  symbols  (C)  and  (S).  respectively. 
Following  the  stars  of  identification  are  brief  remarks  as  to 
the  probable  minimum  brightness.  Preceding  the  names  of 
the  variables  are  their  numbers  in  my  catalogue. 


Data   for  Identification  and  Minimum   Brightness. 

2742  SGeminorum.     11.5"  foil  4s,  0'.6  S;   12M  pr.  5s,  1'.6 

N  ;    (S).      Alin.  less  than  13.5". 
2780   rGeminorum.      12.13"  pr  1",  2'. 3  S;  11"  pr  12%  3  N; 
(C).     Schonfeld  finds  its  min.  too  faint  for  the  Mann- 
heim refractor.     I  have  observed  one  min.  at  13.5". 
0'.3S;   (C).     My  observations  indicate  min.  not  much      2857  U  Puppis.      10"  foil  26%  4' N ;  11"  pr  16",  1'.5  N  ;  13" 
less  than  13. 5M.  foil  28,  1'.5  S;   (C).     Min.  certainly  less  than  14". 

466   TPiscium.      For  stars  of  identification   see  AN  99,      2946  R  Cancri.     10"  foil  6s,  4'.4  S;  (S).     12"  pr  4%  1'.5  S; 


112  R  Andromedae.      12"  pr::-,  2'  S  ;  9"  pr  Sl'on  parallel; 

(C).     Min.  below  12.8". 
114  8  Ceti.     12"  foil  2s,  4'. 5  S;  12"  pr  8",  6'  N  :  (C).    Min. 

below  12.5". 
432  S  Cassiopeae.     9.(!M  foil  20s,  2' S ;   (S).     12M  pr  15% 


114.    Min.  14"? 
513  R  Piscium.     11"  foil  8%  0'.5  N  ;  9"  pr  9%  1'  N  ;   (C). 

Min.  below  12.5". 
715  S  Arietis.     9.10"  pr  10",  6' S  ;   10.11"  foil.  5s,  4'.5  N; 

(C).     Min.  14"? 
845  R  Ceti.      11"  pr  12",  .V  X;    ((').      I   have  one  min.  at 

13. 5M,  preceding  following  max.  60-70  days. 
1222  R  Persei.     12"  foil  5',  0'.2  S  :   12"  foil  4",  1'.2  S  ;  12" 

pr  12",  0'.5  S;   (C).     Schonfeld  puts  min.  at  12.5"; 

I  have  one  min.  at  13.5".    The  star  remains  two  months 

below  12". 
1577  BTauii.     8"  pr  15s,  5'.5  S;    10"  foil  3",  2'  N;   (C). 

Star  disappears  in  my  Oj-inch,  also  in  Pulkowa  helio- 

meter,  7J-inch. 
1582  STauri.     11.12"  foil  9»,  l'S;   11.12"  foil  4",  0'.7  S; 

12"   pr  6",    l'N;    (C).      Remains   only    t\\ inths 

brighter  than  12",  according  to  Schonfeld. 
1717    T'Tauri.      12.13"  foil  11',  l'S;    11.12"  foil  10s,  3'.5 

N;   (C).      Min.  below  13.5s'. 
1761  .ROrionis.     11"  foil  11s,  0'.3  X  ;   12"  pr  7",  1'  S  ;  (C). 

From  light-curve    near  min.  I  think  it   doubtful  that 

star  goes  below  13.5". 
1944  S  Ononis.     10"  about  l'N;  9.5"  pr  2.5s,  0'.4  S  ;   (S). 

I  have  one  min.  at  13.5". 
2100   *70rionis.     Min.  below  12". 

2478  R  Lyncis.     10"  foil  20s,  2'.3  N;   10"  pr  11%  3'.5  N; 

(C).     Min.  below  13". 
2528  BGeminorum.     12"2'.5N;   12.13"  pr  4",  l'S  ;  9 "  foil 

25",  3'  N  ;    (C).     Min.  probably  not  below  14",  by  my 

observations. 
2684  S  Canis  min.     9.5"  foil  19%  4'  N  ;  9.3M  pr  25s,  3'  N  ; 

(C).     Min.  certainly  less  than  11". 
2G91    T  Canis  miu.     12.7"  pr  Is,  0'.3  S;   12.2"  foil  4s,  O'.l 

N  :    (S).     Min.  less  than  13.5". 


(C).     Schwerd's  min.  of   1830  lies   125  days  before 
max.      .Min.  below  1 1 .7M. 

2976  jr  Cancri.  11"  foil  4s  on  parallel:  10.5"  foil  18s,  0'.3 
N;    (S).     Min.  below  12". 

3060  U Cancri.  11"  pr3",  7'  N;  (C).  Disappears  in  Mann- 
heim refractor,  also  in  mine,  and  in  Chacornac's  9-inch. 

3170  S  Ilydiae.  1 1  "  pr  12s  on  parallel  ;  12"  foil  7%  0'.3  N  ; 
(C).     Min.  below  12.2s'. 

3184  rHydrae.  10"  foil  6",  3'  N;  10.11M  pr  4s,  2'.5  N; 
(C).     Min.  below  13M. 

3477  BLeonismin.  10.11"  foil  10s,  2'  N  ;  (C).  Schon- 
feld lias  seen  no  min.  ;  my  observations  show  slow  va- 
riations at  about  13",  when  the  star  is  possibly  near  min. 

3567  FLeonis.  11.12"  foil  5",  1'.2  N;  (C).  Disappears 
at  min.  in  my  lij-inch. 

3890    W  Leonis.     For  stars  of  identification  see  AN  99,  114. 

Min.  14s'? 

3994   S  Leonis.     11.5"  foil  6s,  1'.7  S;  (S).    Min.  below  13". 

4315  R  Comae.  7.<ss'  pr  13",  2'.2  N;  (S).  Min.  below 
13.5s1. 

4407  R  Corvi.  8"  foil  5",  3'.5  S  ;  10"  pr  5s,  0'.5  N  ;  8"  foil 
18s,  1'  S;  (S).  Increase  after  min.  rapid,  by  my  ob- 
servations. 

4492  F  Virginia.  8s'  foil  19s,  1'  S;  11"  foil  12s,  2'.5  N; 
(C).  Remains  about  70  days  below  12s",  by  my  ob- 
servations.    Min.  probably  below  14M. 

4816  V  Virginis.  Star  isolated,  and  identification  easy. 
Min.  below  13". 

5070  Z  Virginis.  9"  pr  12s,  2'  S;  10"  pr  7s,  2'  N;  (('). 
Min.  below  14". 

5430  T  Librae.  10.11"  foil  7%  on  parallel;  13"  pr  4",  0'.2 
N;   13. 145'  pr  Is,  1'  N;   (C).     Min.  below  13.5". 

5494  S  Librae.  13M  pr  2",  2' N  ;  12.13"  foil  5s.  2'.5  X: 
(S).     Min.  below  13". 
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5501  S  Serpentis.  11M  pr  8  .  O'.o  N  ;  12.7™  foil  2%  O'.l  N  : 
(S).     Min.  12.  5"? 

5677  R  Serpentis.  star  isolated  and  identification  easy. 
S.  ii.'M  i:i.r>  thinks  it  doubtful  if  min.  is  less  thau  12*, 
but  I  have  observed  a  min.  as  faiut  as  13*.  It  re- 
mained 100  days  below  12*. 

688  7,'  Librae.     12"  pr3s,  1'.2  S;   (S).     Min.  below  13M. 

5770  R  Herculis.  No  difficulty  in  identification.  Min.  be- 
low 13*. 

5795  IFScorpii.  10™  pr88,  l'N:  10™  foil  10%  3' S ;  (C). 
Min.  14.5"? 

5830  RScorpii.  8™  per  24%  2'N:  9M  foil  10s,  3' N ;  (C). 
Increase  from  12™  rapid. 

5831  S  Scorpii.     9.4™  foil  9s,  0'.2  N  ;  (S).   Min.  below  13M. 
5856    JFOphiuchi.      11*  pr  13s  on  parallel;   12M  foil  13%  4' 

N;   10*  foil  34%  L'N;   (C).     Min.  below  13.5*. 
5928   Z7  Ophiuchi.     10*  foil  5%  9'  S  :   10M  pr  5%  2'.5  S  ;  (C). 

Invisible  at  min.  in  Mannheim  refractor,  also  in  mine. 
5931  S  Ophiuchi.     11.12*  pr  6%  3'  N  ;   12M  pr  13%  0'.2  N  : 

(C).     Min.  below  1 .","'. 
5955  R  Draconis.     8.5*  foil  35%   1'.5  S;  11*  foil  2%  3'  S; 

(C).     Min.  probablj  not  much  below  13*. 
6132  R  Ophiuchi.     10.11*  foil  6%  4'  S  ;  10.11*  pr  2%  6'  S  ; 

also  a  small  nebula,  uot  in  Herschel's  General  Cutu- 

logue,  or  Dreter's  Supplement,  foil  about  36s,  2'  S; 

(C).     Min.  certainly  below  12*. 
6624  TSerpentis.     11.12*  foil  3%  O'.l   N;   (8).     Min.  be- 
low 13.5*. 

T  Sagittarii.      11.12*  foil  10s,  O'.o  N  ;  (C).     I  have  no 

min.,  but  have  followed  it  to  IP',   when  it  was  still 

rapidly  decreasing. 
6905  R  Sagittarii.     11.3*  pr  1.  O'.l   S 

(S).     Min.  certainly  less  thau  12* 

secondary  fluctuations. 

6921   S  Sagittarii.     11*  foil  24%  2'.5  S  ;   (C). 
13*. 


10. 8M  pr  4',  l'N; 
I  suspect  there  are 


Miu.   below 


7045  R  Cygni.     6  Cygui  pr  22s,  0'.7  N  ;  9M  foil  2s,  1'.5  N  ; 

(S).     Min.  below  13™.    Pogson  thought  min.  precedes 

max.  155  days. 
7220  S  Cygni.     8.9*  foil  Is,  0'.8  N;   (S).     It  rises  rapidly 

from  12",  by  my  observations. 

7234  i?  Capricorni.     13*  dist.  20",  P  =  355° :   (S).     Min. 
below  13*. 

7252  W Capricorni.     For  stars  of  identification  see  AN]Q9, 
120.     Min.  14*  ? 

7444   T  Delphini.      11*  pr  3%  2'.7  N  ;  10.1*  foil  12s,  O'.l  N  ; 

(S).     Decrease  more  than  usually  rapid.     Miu.  below 

13*. 
7455   U  Capricorni.     8.5*  foil  20%  7'N;  10*  pr  15%  6'  S; 

(C).     Miu.  below  13*. 
7571    V  Capricorni.      For    stars    of   identification    see  AN 

109,  121.      Min.  14"? 
7577  X  Capricorni.      For  stars  of   identification    see    AN 

109,  122.     Min.  14"? 
7659   T  Capricorni.     9*  pr  5s,  3'.9  N  ;  (8).  Min.  below  13*. 
7944   TPegasi.     11*  pr  13s,  l'.o  N:   (C).     R.A.  of  DM  tV 

too   small.      Schonfeld    has   observed   no    min.,    but 

found  the  variation  near   11*  very  slow.     My  obser- 
vations show  that  min.  must  be  less  than  13*. 
8153  R  Lacertae.     9.3*  foil  20%  2'.8  N  :  11"  foil  7s.  2'.8  N  : 

il"  pr  13s,  2'.5  N;   (C).     Increase  from   13*  to  10™ 

very  rapid. 
8230  S  Aquarii.     7.5*  foil  31%  1'  N  :   10"  foil  9s,  3'  8;  (C). 

Decrease  from  10™  rapid.     Miu.  below  12. .V. 
8290  R  Pegasi.     11*  foil  10s,  0'.2  N:   10.11*  pr  9s,  3'  N  : 

(C).     Min.  below  13*. 
8373  S  Pegasi.     No  faint  stars    near. 

rather  slow.     Miu.  below  13*. 
8512  R  Aquarii.     Identification  easy. 

quite  rapid.      N%»  min.  yet  observed 
8597    FCeti.     For  stars  of  identification  see  AN  109,  123. 

Min.  14M? 


Increase  from  1 1 " 
Increase  from   10* 


Iu  connection  with  the  foregoing  is  given  a  hypothetical 
ephemeris,  synchronistically  arranged,  of  all  the  minima  which 
will  occur  during  the  remainder  of  the  current  year  and  in 
1889.  Since  the  epochs  of  minimum  are  unknown  by  direct 
observation,  the  predictions  must  be  based  upon  assumptions 
as  to  their  position  with  reference  to  the  known  maxima, 
made  iu  accordance  with  our  knowledge  of  the  general  char- 
acter of  the  light-curves.  The  average  ratio  of  the  time  of 
increase  of  light  to  that  of  decrease,  among  the  telescopic 
loug-period  variables,  is  about  .">  to  6.  It  is  accordingly 
assumed,  iu  constructing  the  ephemeris.  that  the  minimum 
precedes  the  maximum  by  0.45  of  the  period.  By  an  in- 
vestigation shortly  to  be  published  I  think  I  have  discovered, 
among  other  things,  a  curious  relation  between  the  forms  of 


the  light-curves  aud  the  periods  by  which  it  might  be  pos- 
sible to  make  closer  guesses  at  the  times  of  minima  than  are 
contained  in  the  ephemeris  ;  but  it  does  not  seem  worth 
while  to  try  merely  for  the  present  purpose. 

Iu  addition  to  the  approximate  time  of  minimum  is  given 
an  estimate  of  the  probable  limits  of  uncertainty,  in  the 
figures  preceded  by  the  plus-or-minus  sign.  It  may  be 
reasonably  expected  that  if  observations  are  begun  about 
the  earlier  limit  of  time  thus  indicated,  and  continued  until 
the  later  one,  the  unknown  minimum  will  be  found  included. 
I  will  simply  add  that,  in  stars  with  periods  between  five  and 
ten  months,  and  greater  than  thirteen  months,  I  should  expect 
a  tendency  to  anticipate  the  predicted  times,  aud  in  stars  of 
from  ten  to  thirteen  months  a  tendency  to  lag  behind. 
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Hypothetical  Ephemeris  of  Faint  Minima 


1888  Octobe 

r 

d 

1889  Februai 

y 

d 

rt 

278i  1   7"  ( .eminorum 

22  ±30 

513  R  Piscium 

2  ±35 

7941  r  Pegasi 

24 

11' 

6905  A"  Sagittarii 

11 

30 

7444  T  Delphini 

29 

35 

5856  W  Ophiuchi 

13 

35 

1222  R  Persei 

13 

25 

1888  November 

6921   S    Sagittarii 

14 

25 

247*  R  Lyneis 

1±20 

166  / "  Piscium 

16 

35 

2712  S  Geminorum 

2 

30 

3170  S  Hydrae 

17 

30 

8567  F  Leonis 

3 

30 

5070  Z  Virginis 

20 

30 

30G0  rCaueri 

7 

35 

2528  /.'  ( reminorum 

25 

20 

8290  A  Pegasi 

8 

1" 

3994  .v  Leonis 

28 

20 

1914  S  Ononis 

10 

45 

5955  R  Draconis 

13 

30 

L889  March 

845  B  Ceti 

14 

■jo 

•'!  177  R  Leon.  min. 

0  ±  4 

7571  I*  ( lapricorni 

14 

■:,:, 

7  155  !'  Capricorni 

8 

20 

8373  S   Pegasi 

15 

35 

2684  S   Can.  min. 

12 

;;.-, 

72i'ii  S  Cygni 

15 

:;:, 

1717  F  Tauri 

13 

2D 

3890  TFLeonis 

16 

40 

1315  1!  Comae 

16 

40 

2976  F  Cancri 

21 

30 

5931  S  Ophiuchi 

l.s 

2.'. 

75 7 7  A  Capricorni 

24 

25 

5430  T  Librai 

22 

75 

432  S  Cassiopeae 

28 

60 

of  Telescopic  Long-Period 
1889  May 


1888  December 
5494  S  Librae  4x20 

7234  R  Capricorni       12     35 
5831  S  Scorpii  17     20 

5795  TFScorpii  31      25 

L889  January 

1701  7?Orionis  '  13  ±40 

6624  T  sup, .ntis         19     35 

1 12  R  Andromedae  20     45 

14' '7  R  forvi  25     35 


1889  April 

2857  ri'uppis  16 ±35 

4192  FVirginis  19     15 

715  .v  Arietis  24     30 

1889  May 

7"  15  R  Cygni  1±20 

2691    rCan.  min.  2     35 

5688  R  Librae  5     75 

6903  7/ Sagittarii  7     40 

1 1  1  .v  Ceti  9     35 


All  that  need  lie  said  as  to  the  kind  of  observation  neces- 
sary  is  that  comparisons  by  Argelander's  method  will  be 
the  most  useful  and  precise  of  any  that  can  be  obtained. 
And  here  is  one  great  advantage  which  this  class  of  work 
possesses,  namely,  that  it  can  be  prosecuted  without  special 
apparatus,  and  can  go  on  simultaneously  with  micrometrical 
or  other  work,  without  disturbance  of  adjustments  or  change 
of  eyepiece. 

Cambridge,  1888  October  11. 


4816  F  Virginis 

<i          a 
10  ±25 

8597   I'Ceti 

11 

30 

5830  A'  Scorpii 

20 

25 

7659  T  Capricorni 

26 

30 

1889  June 

8230  .S'  Aquarii 
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It  only  remains  to  add  that,  as  the  observer  will  be  at 
work  on  new  ground,  he  may  feel  entirely  uutrammeled  in 
the  selection  of  comparison-stars  ;  except  that  it  will  be  well 
to  include,  if  practicable,  the  identification-stars  above  given 
in  the  brighter  parts  of  his  scale,  as  they  have  largely  been 
similarly  used  as  the  fainter  stars  of  the  scale  with  my  tele- 
scope (and  probably  also  by  Schonfeld),  and  will  therefore 
eventually  serve  as  a  term  of  comparison. 


SOT-SPOT  OBSEKVATIOXS, 

By  PAIL   S 
The  subjoined  observations  were  undertaken  at  the  rooms 
of  the  Boston  Scientific  Society  in  Boston,  with  the  view  of 
keeping  a  continuous  record  of  the  number  of  spots  visible 
daily  with  a  small  aperture. 

The  telescope  used  is  a  refractor  by  Clark,  of  3  inches 
aperture  and  43  inches  focal  length  ;  the  observations  were 
at  first  made  by  viewing  the  image  of  the  sun  reflected  from 
an  unsilvered  glass  plane  belonging  to  the  Society,  an  eye- 
piece of  1  inch  equivalent  focus  being  used,  giving  a  power  of 
43.  The  plane  proving  unsatisfactory,  was  discarded  from 
.May  3.  and  the  telescope  placed  at  an  east  window,  where 
the  observations  have  since  been  made,  the  object-glass  be- 


MARCH   TO   OCTOBER,   1888, 

YEN  DELL. 

ing  stopped  down  to  2  inches  to  avoid  the  injurious  effect  of 
glare  upon  the  eye,  the  shade-glass  used  having  been  origin- 
ally intended  for  a  smaller  aperture  ;  on  June  29  an  eye- 
piece of  J-inch  power  was  substituted  for  the  1  inch  previously 
used,  in  order  to  facilitate  the  counting  of  the  spots  ;  this 
combination  of  aperture  and  eyepiece  has  since  been  used 
continuously.  An  observation  has  been  made  every  day  on 
which  the  sun  has  been  visible  from  the  window,  except  in 
cases  of  my  unavoidable  absence.  So  far  as  can  be  judged 
from  the  monthly  averages,  no  indication  of  any  definite  in- 
crease in  the  number  of  spots  has  yet  been  afforded  by  the 
observations. 
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NOTES 

April  12.    Hazy;  storm  arising.  —  April 
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April  7.  Light  clouds. 
28.  Light  cloud-  passing.  —  April  30.  Plane  mirror  very  unsatis- 
factory.—  May  10.  Observations  direct,  with  same  aperture  and 
eyepiece,  but  without  mirror,  which  was  this  day  discarded  ami  not 
afterwards  used.  —  May  16..  Objective  stopped  down  to  two  inches, 
and  so  used  in  all  the  following  observations.  —  May  IT.  Two  large 
spots,  and  the  rest  small.  —  May  18.  Same  group;  the  following 
large  spot  has  disappeared.  —  April  20.  Fine  aurora.  —  April  22. 
Spots  near  W.  limb.  — June  14.  Cloudy. —  June  21.  Thin  cloud.— 
June   27.      Changed    eyepiece   for  3-inch.  —  June   29.      observed 

Boston,  1888  Sept.  30. 


through  thin  cloud. — July  21.  Thin  cloud.  —  July  28.  One  large 
facula.  —  August  9.  Many  fdculae. — August  21.  Hazy:  clouds 
passing. — August  22.  Seeing  tine. — Augusl  2:;.  Seeing  rather 
poor. — August  29  and  30.  Air  unsteady.  —  August  31  and  Sept. 
."..  Air  very  unsteady.  —  Sept.  4.  Seeing  very  bad.  —  Sept.  6.  Thin 
cloud;  seeing  poor. — Sept.  7.  Seeing  poor.  —  Sept.  8.  Seeing 
good.  —  Sept.  14.  Seeing  bad.  —  Sept.  15.  Seeing  good.  —  Sept. 
25.  Thin  cloud:  image  sharp. — Sept.  27.  Seeing  uncommonly 
good. 


ELEMENTS   OF   COMET   1888 


By  "WILLIAM  C.  WINLOCK. 


OO  c, 


From  the  observation  at  Munich,  Augusl  9,  Kiel,  Augusl 
24,  and  Albany,  September  6.  I  have  computed  the  follow- 
ing elements, —  corrections  for  alienation  and  parallax  Le- 
ino;  derived  from  the  elements  given  by  Kkectz  in  the 
Astronomische  Nachrichten,  No.  2855. 

T  —  1888  July  31.15493  Gr.  M.T. 
w  =     5ii     13'  53".3  ) 
Q,  =  101     29    48  .3  -  li 

i  =     74     11     5ii  .5  ) 
log  q  =  9.955370 


l.ss.s.O 


Middle  place     J/,  cos  .-;  =  — 2"..". 
(O— C)    J-:  =  —6  .8 


log  cot  J  =  9.420019 
log  cot  ./.=  9.420019 


Equatorial  (  Soohdik  \tks. 
..•=  [9.477914]  see-  I,  -•(275    59'  U".9-r 
y  =  [9.954377]  sec*  £  a  174     56     1-1.; 
2  =  [9.930948]  sec8  I  »(   S3    35    :■:<  .8+v) 

Washington,  1888  Octobi  r  9. 
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FILAR-MICROMETER  OBSERVATIONS  OF  COMET  1888c, 

.MADE   AT   THE   IIAVERFORD   COLLEGE   OBSERVATORY, 

By  F.  P.  LEAVENWORTH. 
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OBSERVATIONS   OF   SHORT-PERIOD   VARIABLES   IN    SAGITTARIUS, 

By  PAUL  S.  YENDELL. 


I  herewith  communicate  the  results  of  observations  made 
during  the  past  season,  by  Argelander's  method,  upon  the 
well-known  group  of  variables  of  short  period  in  Sagittarius. 
The  results  are  stated  in  decimals  of  a  day,  in  Cambridge 
mean  time,  and  weights  are  assigned  to  express  the  relative 
certainty  of  the  determinations. 

WSagiUarii. 
Forty-six  observations  of  this  star,  from  June  12  to  Sep- 
tember 29,  yield  the  following  times  of  maxima  and  minima. 
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The  observed  range  of  variation  in  magnitude  differs  some- 
what from  that  given  by  Schonfeld,  being  from  4.57  at 
maximum  to  5.82  at  minimum — a  range  of  1.25  magnitude  : 
these  values  are  deduced  from  a  careful  comparison  of  the 
light-curve  with  the  best  obtainable  magnitudes  of  the  com- 
parison-stars used. 

A'  Sagittarii. 

Forty-one  observations  of  this  star,  obtained  from  June 
12  to  September  29,  give  nine  maxima  and  eight  minima. 
The  range  of  variation  observed,  deduced  as  in  the  case  of 
W  Sagitta rii .  falls  far  short  of  that  given  by  Schonfeld, 
being  from  5.0  at  maximum  to  5.83  at  minimum.  The  ob- 
served times  of  maxima  and  minima  are  as  follows  : 
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Y Sagittarii. 

A  series  of  forty-two  observations  of  this  variable,  from 
June  12  to  September  29,  gives  eleven  maxima  and  six  mini- 
ma. The  light-curve,  period,  and  range  of  variation  in  mag- 
nitude deduced,  agree  well  with  Mr.  Sawyer's  results.  The 
times  of  maxima  aud  minima  of  this  and  the  two  preceding 
stars  were  obtained  by  Pogson's  method  and  the  use  of  mean 
light-curves.     The  times  observed  are  as  follows  : 
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[ '  Sagittarii. 

This  star  was  taken  up  rather  late  in  the  season,  and  on 
account  of  its  situation  in  a  coarse  cluster  it  was  necessary 
to  use  the  telescope  for  its  observation,  though  it  is  bright 
enough  to  be  well  observed  with  the  field-glass  if  separated 
from  its  neighbors.  The  star  was  not  seen  at  or  near  mini- 
mum, the  observations,  twenty  in  number,  grouping  them- 
selves about  the  maxima,  of  which  five  were  obtained  by  the 
employment  of  Pogson's  method,  with  the  following  results: 

Mamma  p 

1888  Aug.  24.37  4 

31.0  2 

Sept.    6.9  2 

14.3  2 

27.45  4 

Dorchester,  Mass.,  1888  October  15. 
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Mt.  Hamilton  M.T. 
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OBSERVATIONS  OF   COMET   1888  e, 

MADE   AT    TIIK    LICK    OBSERVATORY, 

By  E.  E.  BARNARD. 
[Communicated  by  permission  of  the  Director.] 
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OBSERVATIONS   OF   SOME    SUSPECTED   VARIABLE   STARS, 

By  EDWIN  F.   SAWYER. 


During  the  past  few  years.  I  have  accumulated,  in  con- 
nection with  my  observations  of  the  known  variables,  a  large 
number  of  observations  of  stars  whose  constancy  of  light  has 
been  suspected  with  more  or  less  of  reason,  by  various  au- 
thorities. The  number  of  such  cases  of  supposed  variation 
of  light  is  already  very  large,  and  is  constantly  Increasing. 
It  is  highly  important  that  the  confusion  which  is  likely  to 
arise  in  our  knowledge  of  the  variable  stars  from  the  undue 
increase  of  this  list  should  be  lessened,  a--  much  as  possible, 
by  their  critical  examination.  Therefore,  as  soon  as  suf- 
ficient evidence  has  been  obtained  to  establish  with  reason- 
able probability  the  constancy  of  light  of  any  of  these  al 
ca>es  of  variahililty.  it  should  be  placed  upon  record.  I 
have  consequently  selected  a  few  of  the  stars  which  I  have 
had  under  observation,  where  the  negative  evidence  in  regard 
to  variability  appears  to  be  very  strong,  and  present  them  in 
the  following  list.  The  notes  relating  to  these  stars  have 
been  taken  bodily  (by  kind  permission  of  the  author)  from 
Mr.  Chamber's  unpublished  catalogue  of  suspected  vari- 
ables. The  arrangement  of  the  stars  is  in  the  order  of  right- 
ascension,  the  places  being  for  the  equinox  of  1875.  The 
observations  represent  not  mere  estimations,  but  actual  com- 
parisons with  two  or  more  neighboring  stars  ;  the  magnitudes 
given  being  the  average  deduced  values  from  Dr.  Got  ld's 
Uranometria  Argentina  and  my  own  unpublished  revision  of 
this  work.*  In  my  earlier  observations  the  estimations  of 
brightness  of  colored  stars  are  considered  of  less  weight  than 
in  later  observations,  after  more  experience  had  been  ac- 
quired in  this  work  :  discordant  observations  being  less  fre- 
quent after  the  years  1882  and  1883. 

1.     142  (U.A.)  Ceti:     lh  19m  31%  —4°  36'.6. 

Of  the  six  estimates  made  at  Cordoba,  three  give  its 
magnitude  as  6.5.  and  one  each  as  6.7.  7.5  and  7.8.  La- 
lande,  6J  ;  Bessel,  8.  ''This  is  certainly  variable"  (U.A. 
p.  312). 

This  star  has  been  very  carefully  watched,  33  observations 
having  been  obtained,  as  follows  :     1881.  1  ;   1882.  5  :   1883, 

*  Nearly  ready  for  publication. 


10;  1884,  2:  1885,  11;  1886,  2;  and  1888.  2.  These  ob- 
servations are  very  accordant,  the  extreme  range  being  only 
from  6.5  to  6.8,  and  furnish  no  evidence  of  variability.  If 
variable  it  must  be  of  the  Algol-type. 

2.      185  |  U.A.)  Ceti:     lh  45'"  17%  —10°  57'. 2. 

Bessei  .  5  or  G  :  Bradley,  Piazzi.  and  Lalande.  3  (Notes 
to  Berlin  Charts).  Gould,  who  makes  it  3.5,  calls  attention 
to  these  discordances,  ami  also  to  the  fact  that  U.N.  and 
Heis  make  it  •'!.  while  J.  Herschel  makes  it  4.9,  a  difference 
which  would  not  be  remarkable  were  it  not  that  he  estimated 
this  star  as  fainter  than  t\  ;/  and  r3  Eridani,  which  are  3.9, 
4  1.  and  -4.5.  repectively,  and  only  appreciably  brighter  than 
£  or  p  O-ti.  which  are  4.6  (  U.A.  p.  312). 

My  observations,  7  in  number,  were  made  in  1884  and 
1886.  On  1884.  November  9  and  11.  the  estimates  are  3.9 
and  3.85.  Fixe  estimates  in  1886.  October  23.  November 
19,  21  and  26  give  3.7.  and  one  estimate,  November  27. 
gives  3.5.  With  the  exception  of  the  last  observation  the 
results  aie  fairly  accordant,  considering  the  brightness  of 
the  star,  aud  give  no  evidence  of  variation. 

3.  204  (U.A.)  Ceti:  lh  57'"  24%  —  0°  56'.4. 
Gould  5.9,  from  accordant  determination  by  different  ob- 
servers in  1872  :  but  one  estimate  in  the  previous  year  had 
been  as  low  as  6.3.  The  star  is  neither  in  the  U.N.  nor  in 
the  Albany  list  ;  so  that  it  could  hardly  have  been  as  bright 
as  6.1  when  the  estimates  were  made  for  those  works:  but 
Heis  gives  it  as  6^.  Lalande  as  7£  and  6  :  Piazzi.  7  ;  Bes- 
sel. 6i  ;  and  in  the  DurcAmusterung  it  is  7.3.  These  vari- 
ations indicate  a  fluctuation  through  more  than  a  unit  (  U.A. 
pp.  312-13). 

I  have  six  observations,  as  follows  :  1882  January  29 
and  February  14.  6.1  :  1884  January  26,  6.1  ;  1886  November 
21.  26  and  28,  6.2.  6.2.  5.95.  The  observations  are,  with 
the  exception  of  the  last,  very  accordant,  and  furnish  no  evi- 
dence of  change  of  light. 

4.  283  (U.A.)  Ceti:     4h  54ra  7%  —12°  43'.4. 
Gocld  says  "  certainly  variable,"  because  Cordoba  esti- 
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mates  vary  from  4.8  to  5.7,  and  he  designates  it  as  S  Eri- 
dani.  Histoire  Celeste,  5i,  6  ;  UN.  and  Heis,  6  ;  Bessel, 
8,  but  clouds  may  have  obscured  it  {U.A.  p.  273).  Gore 
has  also  found  anomalies  in  its  light  (S.S.  Objects  p.  47). 

Star  somewhat  difficult  to  observe,  but  I  have  34  obser- 
vations, distributed  pretty  uniformly  between  1883  and 
1888;  two  of  them  give  5.0  (1886  February  22  and  24), 
the  rest  all  range  between  5.1  and  5.3;  which  seems  to 
demonstrate  the  constancy  of  the  star. 

5.  12  (U.A.)  Leporis:     5h  0ra  10s,  —22°  32'. 4. 
Given  in  U.A.  p.  204,  as  3.1,  with  -'variable?"  appended. 

Nothing  in  notes  to  Catalogue  by  way  of  explanation. 
Chandler's  observations,  1881-1882,  seem  to  indicate  vari- 
ability between  3.1  and  3.9. 

J.  Herschel's  sequences  20,  32  and  37,  all  make  this 
star  brighter  than  y  or  //  Leporis  (Cape  obs.  p.  319). 

This  is  a  bright  colored  star,  and  consequently  difficult  to 
observe,  notwithstanding  which,  my  8  observations  in  the 
years  1882,  1886  and  1888  are  quite  accordant,  ranging  only 
from  3.3  to  3.5,  and  give  no  indications  of  variability. 

6.  81  (U.A.)  Ononis:     5h  23m  23%  —  1°  11'. 5. 
Estimates  at  Cordoba  of  this  decidedly  reddish  star  give 

from  4J  to  6  ;  it  having  been  seen  at  these  extremes,  and  at 
all  the  intermediate  stages.  Albany,  5.3;  DAgelet,  5f; 
Lai.ande  and  Piazzi.  5;  Argelander,  5;  Heis,  5^;  DM., 
5.5;  Schjellerdp,  5.5  ( U.A.  p.  328).  Flammarion  assigns 
the  discovery  of  variability  to  Falb,  on  what  authority  is 
not  known  (Les  Etoiles  p.  700).  Copeland  and  Dreyer, 
5.0,  5.8,  6.0  (Dunsink  Obs.  IV,  46). 

I  have  six  observations,  as  follows  :  1882  March  15,  5.3  ; 
1886  February  28,  5.7;  1887  February  13,  14  and  22,  5.9, 
5.7.  5.7,  and  1888  February  13,  5.7.  With  the  exception 
of  the  fust  estimation  made  in  1882,  these  are  accordant. 
and  the  evidence  of  variability  is  slight. 

The  intense  color  of  the  star  renders  observations  very 
difficult. 

7.  101  (U.A.)  Ononis:     5h  28"'  15%  +9°  50'. 9. 
Used  at  Cordoba  as  a  standard  for  3.5  ;  but  subsequent 

observations  indicate  variations  of  about  half  a  magnitude. 

My  8  observations  are  confined  to  the  years  1883  and 
1884.  but  give,  very  accordantly,  either  3.35  or  3.4,  and 
furnish  no  evidence  of  variability. 

8.  Ill  (U.A.)  Orionis:     5h  29'"  21%  -3°  20'.2. 

At  Cordoba  6.7  in  1871,  6.8  in  1873,  6.9  in  1877.  and  at 
the  close  of  1878  was  not  above  7.0 ;  but  as  these  estimates 
were  made  by  three  different  observers,  too  much  stress 
ought  not  to  be  laid  on  the  apparently  progressive  diminu- 
tion. A  stronger  presumption  of  the  variability  of  the  star 
arises  from  its  non-occurence  in  any  of  the  catalogues  to 
which  I  have  access.     It  is  brighter  than  W.B.  V,  732  by  a 


full  unit  of  magnitude,  and  appears  to  be  the  one  given  by 
Schmidt  as  8  in  his  catalogue  of  stars  observed  through  a 
glass  micrometer,  published  with  Hour  V  of  the  Berlin 
Academy  charts  (U.A.  pp.  329-330). 

I  have  30  observations  of  this  star,  extending  from  1882 
March  17  to  1888  February  13. 

These  observations  are  fairly  accordant,  fluctuating  only 
from  6.6  to  6.9,  and  the  evidence  of  variability  from  these 
observations  appears  very  slight. 

9.      161  (U.A.)  Orionis:     5"  53m  48%  — 3°  4'.8. 

Cordoba  estimates,  5.9  to  5.1,  indicate  variability.  At 
Albany,  also,  5.1;  Lai.ande,  6£ ;  Bessel,  6;  U.N.,  5£ ; 
Heis,  5§  (U.A.  p.  330). 

I  have  observed  this  star  six  times.  Five  observations, 
1886  February  28  ;  1887  February  13  and  22,  April  13  ;  and 
1888  February  13,  give  a  progressive  brightening  from  5.55 
to  5.35.  This  range,  however,  is  too  small  to  furnish  evi- 
dence of  change.  An  observation  in  1882.  March  3,  gives 
4.9.  This  I  consider  an  error  of  observation,  the  other  esti- 
mations being  so  fairly  accordant.  It  would  be  well,  how- 
ever, to  give  further  attention  to  this  star,  which,  by  the 
way,  is  difficult  to  observe  owing  to  its  brightness  and  color. 

10.  185  (U.A.)  Orionis:     6h  13m  44%  —2°  53'.6. 
This  orange  star,  estimated  as  7.  5.  and  6  by  Birmingham, 

is  suggested  as  variable  by  him  on  account  of  its  having 
been  missed  by  previous  observers  of  red  stars  (.V. .V. 
XXXIV,  253).  Gore  found  it  just  visible  to  naked  eye  in 
1875  (S.S.  Objects  95).  At  Cordoba  the  estimates  of  its 
light  range  from  5.1  to  5.9:  Albany,  5.4  (U.A.  p.  331). 
Birmingham's  a  appears  to  be  too  large  by  one  minute 
of  time.  In  Birmingham's  Catalogue  of  Red  Stars  there 
seems  to  be  a  curious  coufusion  of  this  star  with  Bin.  147. 
the  place  of  which,  for  1875,  is  6h  24m  11%  —2°  56'.3  ;  since 
he  has  given  some  observations  against  Bm.  147  which  obvi- 
ously pertain  to  II. P.  1189.  Compare  M.N.  XXXIV.  253. 
with  his  Ciitiihiijin-  of  Red  Stars.  It  is  possible  that  he  has 
sometimes  observed  one  star,  and  sometimes  the  other,  and 
that  the  apparent  discordances  in  his  estimates  of  the  latter 
(5-8)  are  due  to  this  cause. 

My  six  observations  of  this  star  are:  1882  March  17, 
5.3;  1886  February  28,  5.9;  1887  February  13,  22,  and 
March  13,  5.9,  5.95  and  5.9;  1888  February  13.  5.85. 
These,  with  the  exception  of  the  tirst.  are  very  accordant. 
The  star's  brightness  and  color  renders  observations  diffi- 
cult, yet  it  will  bear  further  watching. 

11.  155  (U.A.)  Puppis:     7"  38m  30%  —  28°  6'.9. 
Cordoba  estimates,  from  4.8  to  5.6.     Argelander  called 

it  5.0  (Bonn  Obs.  VI),  but  it  is  not  in  U.X. :  Heis.  6: 
Beiikmann,  5  (U.A.  p.  281). 

My  25  observations  extend  from  1882  March  23  to  1888 
March  29.     On  1882  March  23.  the  star  was  estimated  as 
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bright  as  5.0  ;  14  observations  in  1883,  from  February  3  to  i 
April  4,  give  5.8  :  4  observations  in  1884.  from  February  1 
to  March  22.  range  from  5.75  to  5.9.  On  1886  March  7, 
the  star  was  estimated  5.55,  while  5  observations  in  1887 
and  1888  only  range  from  5.65  to  5.7.  These  observations, 
with  the  exception  of  the  first  made  in  1882,  are  fairly  ac- 
cordant. The  constancy  of  the  star's  light  seems  to  be 
fairly  established. 

12.  56  (  U.A. )  Hydrae  :     8"  39™  42\  —1°  35'.8. 
Although  estimated  as  6.3  at  Cordoba,  it  is  not  in  U  X.  ; 

but  at  Albany  was  estimated  as  5.9.  Heis,  6;  DM..  7; 
Bessel,  8  {U.A.  p.  298)  ;  Santini.  7:  Lamont,  6.7;  Hou- 
zead,  6. 

My  observations  are:  1884  April  27.  6.2;  1887  March 
25,  and  May  9,  6.4;  1888  April  3.  6,  and  May  7.  6.5, 
6.45  and  6.45.  Extreme  range  6.2  to  6.5.  Evidence  of 
variability  very  flight. 

13.  50  {U.A.)  Puxpis:     9    I    34% —25    21'.3. 
Gould  thinks  there  is  reason  to  believe  that  this  star  is 

variable.  The  Cordoba  estimates  range  from  4.3  to  5.1. 
Argelander.  in  different  zones,  gives  4.  4^  and  5  :  but  in 
U.S..  5;  Lai  aii.i.e,  6;  Piazzi,  5v',  :  Hkis.  .">  ;  Behrmann, 
6.5.  Color  light  orange  (U  A.  p.  2'.'7).  Observed  at  Dub- 
lin as  4.~>  and  5.0  (Dunsink  Obs.  IV .  54  I. 

I  have  8  observations  between  1884  and  1888,  all  within 
the  limits  4.8-5.0.  which  apparently  certify  the  Star's  invari- 
ability. 

14.  66  (C'.A.)  Pyxidis:     9h  21-  18%  —28°  14'.S. 
The  magnitude  apparently  fluctuated  more  than  once  be- 
tween  6-1    and   6.7    during    the    observations    at    Cordoba. 
Lacaille,    6;   Brisbane,    6:    Argelander,    in    1854,    6.0; 
Behrmann,  6  |  U.A.  p.  298).     Not  in  U.N.  or  Heis. 

My  six  observations  in  1886,  1887  and  1888.  are  very  ac- 
cordant, ranging  only  from  6.5  to  6.55.  Light  apparently 
constant. 

15.  194  (U.A.)  Hydrae:     9h  59m  2s,  —12°  27'.6. 
Lalande,   5 ;    Piazzi,   5£ :    Argelander   and    Heis,  4|. 

Cordoba  estimates  vary  from  4.5  to  5.2  (  U.A.  p.  299). 
I  have  33  observations,   extending  from   1882  February 

14  to  1888  May  7.  and  they  range  only  from  4.6  to  4.8. 
The  constancy  of  this  star's  light  seems  fairly  established. 

16.  235  (U.A.)  Hydrae:     10"  30m  IP.  — 26:  l'.o. 

At  Cordoba,  6.6  :  Lacaille,  7  ;  Argelander  in  his  zones 
61,  and  called  by  Yarnall  6.8.  But  Behrmann  has  it  6 
(U.A.  p.  299). 

My  6  observations,  extending  from  1884  March  25  to  1888 
May  7,  range  from  6.3  to  6.7.  The  star  is,  however,  rather 
difficult  to  observe,  there  being  no  good  comparison-stars 
closely  adjacent ;  and  to  this  cause  the  discordant  results 
are  attributed.     Further  observations  are  desirable. 


17.     45  (U.A.)  Virginia:     12h  13m  31s,  +0°  1'.7. 

Gould  thinks  the  brightness  of  this  star  has  diminished  in 
recent  years,  and  that  it  varies  between  3  and  4.  At  Cor- 
doba only  one  estimate  was  as  bright  as  3.9.  Ptolemy, 
Ulugh  Bet,  and  Heyelils,  3  :  Ttcho,  4  :  Mater  and  Piaz- 
zi, 3A  :  Albany  fatal.,  36  (U.A.  p.  318). 

My  6  observations,  made  during  the  years  1884  to  1888, 
range  from  3.6  to  4.0.  This  being  a  bright  star,  and  the 
comparison-stars  necessarily  scattered,  the  observations  are 
difficult.     Variation  considered  doubtful. 

18.     30  |  U.A.)  Gorvi:     12   23m  15  .  —2:;    0'.3. 

Gould  says  this  star  seems  variable  from  of  to  6i,  or 
lower;  the  Cordoba  estimates,  ranging  from  5.8  to  6.5. 
Piazzi.  7  :  Taylor,  6  :  Johnson,  in  1859,  5.7  :  Yarnall,  in 
is.;;.  5.6;  Heis,  6^  |  U.A.  p.  318). 

I  have  8  accordant  observations,  made  during  the  years 
L882  to  1888;  the  extreme  estimations  being  6.25  and 
6.45.     The  evidence  of  variability  appears  very  slight. 

19.  154  (U.A.)  Virginis:     13"  23"°  55%  —  5°  49'.4. 
Cordoba  observations    show    indications    of   variation    of 

about  half  a  magnitude  in  this  star  (  U.A.  p.  319  I. 

Of  my  7  observations,  made  in  the  years  1882.  188ti.  1887 
and  1888,  only  one  is  discordant  (6.7),  the  others  ranging 
only  from  6.3  to  6.45.  I  find  no  evidence  of  change  in  this 
star. 

20.  165  (U.A.)   Virginis:     13    28    2%  — 12°  34'.3. 

Si  iimidt  found  this  June  6.  1866,  while  observing  the 
smaller  stars  of  Argelander's  Uranometry,  in  which  this 
star  is  wanting.  He  estimated  it  as  4.5,  it  being  much 
easier  seen  than  i  Virginis,  the  reddish  yellow  star  south  of 
a  Virginis.  It  should  be  noted  that  i  Virginis  itself  has 
been  suspected  of  variability  by  Ski: cm. 

A-  the  star  is  missing  in  the  best  charts.  Schmidt  sus- 
pected variability.  His  later  observations  confirmed  this 
suspicion,  the  star  slowly  decreasing  until  June  19,  1866, 
although  it  was  then  still  visible  to  the  naked  eye  in  the 
moonlight.  Piazzi,  8:  Lalande,  6$  (A.X.  LXVH.  204). 
The  star  is  clearly  recorded  and  described  by  Sufi  (Nature 
XII,  188).  It  is  No.  19  of  Virgo  in  Sufi's  list,  and  is  given 
as  5-6.  Burnham  has  discovered  that  the  star  is  really  a 
very  close  double,  the  components  being  6.2  and  6.5,  dis- 
tance 0".48,  position-angle  80°.4  (Sci.  Obs.  II.  3  :  Nature 
XX,  248).  The  star  is  Piazzi  XIII.  126,  and  the  magni- 
tudes observed  by  him  are  7  and  6A,  and  not  8,  as  given  in 
his  Catalogue  (Schonfeld's  Zweiter  Cat.,  Introd.,  p.  4); 
Brisbane.  6  ;  Heis,  6^.  The  observations  at  Cordoba  vary 
from  5.7  in  1871  to  6.3  in  1873.  fully  confirming  the  varia- 
bility, so  that  the  star  will  probably  be  designated  as  T  Vir- 
ginis (U.A.  p.  319). 

I  have  20  observations  of  this  star,  made  as  follows  :  1882, 
7  ;  1883,  8 ;  1884.  1  ;  1886  and  1888,  2  each.    The  extreme 
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range  is  only  from  6.0  to  6.3.  This  is  a  difficult  star  to  ob- 
serve,  the  comparison-stars  being-  unfavorably  situated,  not- 
withstanding which,  my  observations  are  quite  accordant,  the 
range  being  too  slight  to  give  evidence  of  variation,  at  least, 
during  the  pa^t  tew  years. 

21.     230  (U.A. )  Virginis:     14h  10m  2%  —  2    36'.8. 

Not  in  any  Catalogue,  except  Weisse's  Bessel,  7;  Arge- 
lander  and  Heis,  6  :  Albany,  6. it.  At  Cordoba,  seen  by  two 
observers  as  6.6  in  1871  and  1872,  and  in  1874  as  6.4;  since 
then  as  6.:;  (  U.A.  p.  320). 

My  9  observations  were  made  in  the  years  1882,  1886, 
1887  and  1888.  The  extreme  range  is  from  6.1  to  6.6,  and 
is  great  enough  to  furnish  some  evidence  of  fluctuation,  and 
it  will  repay  further  watching". 

22.     239  (U.A.)   Virginis:     14"  13"'  18%  +0°  57'.7. 

The  Cordoba  estimates  give  6..")  in  1871,  and  6.6  in  1872. 
So  faint  an  object  would  not  have  been  visible  at  Albany  : 
but  the  observations  there  made  give  5.9.  U.N.  and  Heis 
both  have  6:  DM.,  6.3;  BESSEL,  61;  Lamont,  6  (U.A.  p. 
320). 

The  extreme  range  of  my  7  observations  made  in  1882, 
1886  and  1888,  is  from  6.2  to  6.45,  which  is  too  slight  to 
furnish  sufficient  evidence  of  change. 

2:;.     375  (U.A.)  Hydrae:     141'  15"'  54%  —27°  10'. 7. 

Gould  thinks  this  star  has  manifestly  grown  brighter  in 
recent  years.  Lacaille,  6  ;  Lalande,  6  and  hi, ;  Piazzi,  6  ; 
Argelander,  5.6;  Johnson,  in  1856,  5.6;  Heis,  6;  Behr- 
mann, 6.5;  Yarnali.,  in  1854,  5.2.  The  Cordoba  observa- 
tions give  5.0  (U.A.  p.  303)  ;  Houzeau,  h.r,. 

Of  my  6  observations,  from  1884  to  1888,  5  are  quite  ac- 
cordant 5.(1  to  5.15.  One  observation  in  1886  gives  5.5; 
but  an  observation  in  the  same  month  gives  5.1.  These 
observations  furnish  uo  evidence  of  change,  certainly  during 
the  last  live  years. 

24.     379  (  U.A.)  Hydrae:     14"  20'"  51%  —28°  55'.7. 

This  star  was  found  brighter  at  Cordoba  than  its  magni- 
tude is  given  in  any  of  the  catalogues,  none  of  the  estimates 
placing  it  below  4.8.  Recorded  by  Lacaille  as  5  in  the 
zone,  6  in  his  Catalogue.  Argelaniu.r  and  Heis,  5§  ; 
Yarnall,  5..s;  Behrmann,  5.6  (U.A.  p.  303);  Houzeau, 
5.6. 

This  is  a  bright  star,  and  consequently  dillicult  to  observe. 
My  observations  made  in  the  years  1884.  1886  and  1888, 
apparently  show  a  slight  tendency  to  a  progressive  diminu- 
tion of  light.  One  observation  in  1884  made  the  star  4.6. 
Two  estimations  in  1886  give  4.65  and  4.7;  while  1  obser- 
vations in  1888  give  5.1,  4.9,  4.9  and  4.95;  the  extreme 
range  being  from  4.6  to  5.1.  This  star  will  bear  further 
watching. 


25.  246  (U.A.)  Virginis:  14h  21m  46%  — 1°  40'.0 
At  Cordoba  it  was  estimated  as  5.4,  accordantly,  by  dif- 
ferent observers  in  1*71  and  1872.  Yet  at  Albany  the 
estimates  were  1.8;  Lalande,  4£ ;  Piazzi,  5;  Bessel,  6 ; 
Argelander  and  Heis,  5:  DM.,  5.0.  Subsequently  observed 
as  4  8  at  Cordoba  (  U.A.  p.  321). 

Of  my  9  observations,  made  from  1882  to  1888,  8  give  a 
range  only  from  5.15  to  5.35.  One  estimate  in  1882  made 
the  star  5.6.      Evidence  of  change  slight. 

26.     36  (V.A.)  Scorpii:     16"  4"'  33s,  —2s    5.1. 

Eight  Cordoba  estimates  are  all  within  the  limits  6.0  and 
6.3,  but  the  star  is  not  in  Heis.  It  is  marked  "  variable?" 
in  Catalogue  of  U.A;  Lacaille  and  Piazzi,  6  ;  Argelander, 
twice  as  7  ;   Yarnall,  6  ;  Ellery,  6  and  7  (U.A.  p.  284  ). 

A  colored  star,  and  somewhat  difficult  to  observe.  My  7 
observations  in  the  years  1882,  ami  1886  to  1*88,  range 
from  5.9  to  0.3,  the  range  in  1888  alone  being  from  5.'.)  to 
6.2.      Evidence  of  change,  however,  considered  slight. 

27.     204  (U.A.)  Sagittarii:     19h  28m  26s,  —24°  59'.4. 

Gould  says  this  star  is  variable  by  a  considerable  amount. 
Very  numerous  estimates  vary  from  5.3  to  6,. 7.  and  he  thiuks 
the  extremes  are  still  wider  apart.  Lacaille.  Lalande  and 
Piazzi  give  6  ;  Argelander's  zones,  6:  not  in  U.N.;  Heis, 
4-;  :   Behrmann,  C,.:>  •  Yarnall,  6.0  (U.A.  p.  291). 

This  is  a  very  dillicult  star  to  observe,  as  it  lies  close  to  a 
bright  one;  yet  my  7  observations,  made  in  the  years  1882 
to  188s,  are  quite  accordant,  ranging  only  from  5. 'J  to  6.1, 
and  furnishing  no  evidence  of  change. 

28.  265  (V.A.)  Sagittarii:     19"  54'"  58%  —28°  3'.:;. 
Suspected  of  variability  at  Cordoba   at   an  early  date,  and 

a  series  of  sequences  in  1871  seemed  to  justify  the  suspicion, 
and  indicate  a  fluctuation  from  4.6  to  5.3  ;  but  as  they  imply 
a  nearly  equal  variation  in  the  comparison-stars  to  and  b, 
Gould  is  uncertain  how  far  these  inferences  may  be  due 
to  errors  of  observation  (  ('.A.  p.  291). 

My  observations  of  this  difficult  star  number  25,  and  ex- 
tend from  1882  June  6  to  1888  September  26.  They  appar- 
ently show  a  fluctuation  from  4.4  to  5.25.  But  the  extreme 
limits  occur  in  estimations  made  only  three  nights  apart  in 
1886.  All  the  other  observations  are  fairly  accordant,  lying 
between  4.75  to  5.1  ;  the  mean  of  all  the  observations  be- 
ing 4.8.       (  rOULD,   4.7. 

29.  5  (  U.A.)  Capricomi:    20"  7'"  28s,  —  27°  24'. 2. 
Cordoba  estimates    from   6.0  to   6.3:    Lalande,    Piazzi. 

U.N.,  and  Hi  is.  6.  Argelander,  in  the  zones.  6  and  44: 
and  in  B.li.  VI,  three  times  as  5.0.  once  each  as  5.2.  5.8, 
and  6.0.  Second  RADCLIFFE  Catalogue.  6.1  :  YARNALL,  6.2  : 
Behrmann,  5§  (U.A.  p.  308)  :  Houzeau,  6. 

My  9  comparisons  of  this  star  range  from  5.85  to  6.2.  If 
we  discard   the   first    (5.85)    made   in    1882,   the  other  eight 
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estimations  are  quite  accordant 6.0  to  6.2,  and  the  constancy 

of  its  light  appears  fairly  shown.      Star  red. 

30.     1-20  (U.A.)  Aquarii:     22h  5™  U%  — 14°  18'.5. 

Cordoba  estimates  range  from  6.1  to  6.6,  and  Gould 
thinks  it  is  probably  variable.  Piazzi  and  Bessel,  7 ;  La- 
lande, (!.',  and  6;  Argelandbr,  in  his  zones,  61;  YaRNALL, 
5;  Heis,  6£  (  U.A.  p.  310). 

My  6  observafions  are:  1882  October  9,  6.2  ;  1886  Octo- 
ber 19,  November  24,  and  December  17.  6.5,  6.2  and  6.3; 
1887  October  15,  and  1888  September  29,  6.1  and  6.3. 
With  the  exception  of  the  observation  of  1886  October  19 
(6.5),  the  others  are  quite  accordant,  ranging  only  from  6.1 
to  6.3,  and  variability  seems  very  doubtful. 

31.      131  (U.A.)  Aquarii:     22"  1 35s,  —6°  0'.6. 

Lalande,  5;  U.N.  and  Heis,  5  \  (a  misprint  in  I'.A.  for 
5§)  ;  Bessel,  7:  Yarnall,  .")..">.  Cordoba  estimates  are 
only  6.4  and  6.5,  and  the  star  is  marked  "  variable  "  in  Cat- 
alogue (  U.A.  p  310).    Hoi  /i  w  .  6  ;  SDM.,  6  ;  Chandler,  6. 

I  have  six  observations,  made  in  the  years  1884  to  1888, 
and  the  range  is  only  from  6.15  to  6.25,  and  variability 
seems  very  doubtful. 

32.     221  (  U.A.)  Aquarii:     23"  11™  8",  —12°  23'. 7. 
Although  the  I'.N.  gives  this  as  6,  S<  hmidt  in  1869  found 


it  invisible,  or  scarcely  visible,  to  the  naked  eye,  and  five  or 
six  grades  taiuter  than  94  or  97  Aquarii,  hence  7.  He  is 
certain  that  in  1MJ4  it  was  equal  to  9  1  Aquarii  (A.N. 
LXXIV,  286).  The  Cordoba  determinations  in  1872  and 
1874  agree  in  giving  6.6.  A  meridian  observation  gave  7, 
which  is  also  Bessel's  value  (U.A.  p.  310).  Schmidt  and 
Gould  agree  that,  if  it  were  as  faint  as  when  their  obser- 
vations were  made,  it  could  not  have  been  seen  with  the 
naked  eye  at  Bonn. 

Of  my  t'>  observations  made  in  the  years  1884,  1886,  and 
1887,  only  one  is  very  discordant  6.7,  the  others  ranging' 
from  6.3  to  6.55.     Evidence  of  change  slight. 

33.     223  (  U.A.)  Aquarii:     23"  12'"  27s,  —10°  17'. 6. 

Schmidt  in  1870  stated  that  this  star  had  for  many  years 
appeared  variable  to  him,  and  that  the  period  is  very  long 
(A.N.  LXXVTI,  118).  Three  observations  at  Cordoba,  in 
different  years,  give  the  same  value,  4.8.  Lalande.  6  ;  Piazzi, 
5  :  Bessel,  5j  ;  E7. ^V.  and  Heis,  5;  Johnson  5.4  (U.A.  p. 
310).  Gore  found  it  brighter  than  %  Aquarii  in  December, 
is;;,  (S.S.  Objects,  p.  114).     Houzeau,  5;  Stone,  5. 

I  have  6  estimates  of  this  bright  star,  made  in  the  years 
1882,  1886  and  1887,  the  extreme  range  being  from  4.4  to 
4.75,  and  the  evidence  of  variability  appears  slight. 


OX    AX   IMPKOVEMENT   IN    THE   COMPUTATION    OF   AN    ORBIT, 

By  Rev.  G.  M.  SEAKLE. 


The  method  of  computing  an  orbit  given  in  No.  162  of 
this  Journal,  though  reasonably  simple  and  compact  in  form, 
labors  under  the  disadvantage  of  a  somewhat  slow  conver- 
gence of  the  hypotheses.  It  is  true  that  after  three  have 
been  made,  the  fourth  can  be  formed  on  their  results,  after 
the  method  given  by  Gauss  ;  but  even  this,  as  shown  by  him 
in  a  practical  example,  cannot  be  depended  on  as  absolutely 
correct,  when  the  intervals  of  time  are  considerable.  It  is 
then  of  course  desirable  in  any  method  to  obtain  as  great 
convergence  as  possible. 

It  will  be  seen  that  the  value  of  ft-2,  deduced  from  the  po- 
sitions of  the  intersections  of  the  three  lines  of  observation 
witli  an  approximate  plane  of  the  orbit,  nevertheless  cannot 
be  considered  as  a  close  approximation  to  the  true  value. 
If  the  value  of  v  has  been  taken  correctly,  that  of  b~'-.  if  it 
differs  from  the  one  resulting  from  the  values  of  a  and  /< 
found  from  the  hypothesis,  is  indeed  a  certain  sign  of  incor- 
rectness in  the  value  of  a-1  assumed  for  that  hypothesis. 
But  if  a  new  hypothesis  is  made,  based  on  this  deduced 
value  of  b~2,  it  is  clear  that  the  position  of  the  plane  of  the 
orbit  will  lie  thereby  changed,  so  that  the  intersections  will 
now  give  a  somewhat  different  result. 


It  is  indeed  probable  that  this  new  result  will  be  a  further 

step  in  the  same  direction  ;  for  since  the  first  and  third  geo- 
centric distances  are  increased  or  diminished  proportionately 
(if  the  value  of  v  remains  about  the  same),  the  orbit  will  either 
recede  from  or  approach  that  of  the  earth.  The  eccentricity 
of  the  orbit,  then,  both  as  deduced  from  the  time  with  the 
first  and  third  radii  vectores,  and  from  the  position  and 
length  of  the  three  radii  irrespective  of  time,  will  be  likely 
to  increase  in  the  first  case,  and  in  the  second  to  tend  toward 
the  very  small  value  which  it  lias  in  the  case  of  the  earth 
itself.  But  if  the  rates  of  change  of  the  two  eccentricities 
should  be  about  equal,  it  is  plain  that  a  good  many  steps 
would  probably  be  taken  before  they  could  be  made  to  coin- 
cide. It  seems  likely,  as  a  rule,  that  the  one  deduced  from 
the  time  will  change  most  rapidly. 

We  can,  however,  at  the  end  of  any  hypothesis,  decide 
this  point  in  the  special  case.  For  we  may  take  the  quanti- 
ties resulting,  for  instance,  from  a  parabolic  hypothesis,  and 
compute  from  them  the  value  of  b"2  from  the  intersections  ; 
that  resulting  from  /•,  /•",/'  and  {" — t,  will  of  course  be  zero 
in  this  case.  The  value  resulting  from  the  intersections  we 
will  denote  by  Bt ;  the  other  by  B,.    We  may  then  take  those 
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similarly  deduced  from  the  values  of  ?•,  or  r",  etc.,  furnished 
by  some  other  assumption  for  u  used  during  the  trial ;  for  an 
elliptic  result  for  B,  it  is  of  course  necessary  that 

(r+r"+K)%  —  (r+r"— «)*  < 6&(«"— t) 

By  interpolation  we  may  then  ascertain  where  the  values 
of  Bi  and  B,  will  coincide. 

The  value  of  Bt  is  obtained  in  this  process  for  the  new 
value  of  u  by  computing  ',  m,  h,  rt  and  x  by  the  method  of 
Gauss  or  some  similar  one;  if  we  use  Gauss's  method,  since 
the  chord  is  given,  we  shall  save  time  by  computing  /  and  m 
by  means  of  the  angle  whose  sine  is  ,  .„  i  and  which  seems 
most  significantly  denoted  by  \-  Using  this,  we  have 
I  =  sin-l  \  see  x   :  m  =  k-(t"—t)2  (r+r")-s  sec'x 

Having  obtained  x,  we  compute  siu2  g'  from  it ;  then  of 
course  have 

_      sin2g' 

'—  rr"  sin*/" 
This  process,   tried  at  the  end  of  the  second   parabolic 
hypothesis  for  Olbers's  comet,  from  places  of  August  2^, 
September  21,  and  October  19,  embracing  a  heliocentric  mo- 
tion of  about  52°,  gives  for  the  parabolic  result, 

J3,  =  +0.01683  Bt  =  0 

For  another  value  of  u,  we  find  : 

B{  =  +0.02965  B,  =  +0.03966 

For  the  first,  then,     B,  —Bt=  +0.01683. 

For  the  second  it  =  —0.01001. 

This  gives  a  coincidence  at  Bt  =  B,  =  +0.02487  :  which 
again  gives,  using  the  corresponding  value  for  p,  a  period 
for  the  comet  of  72-25  years. 

But  this  is  not  all.  By  the  material  thus  furnished  we 
may  also  compute  a  more  accurate  value  of  r  for  the  next 
hypothesis. 

In  the  first  place  we  will  substitute  a  more  convenient  way 
of  computing  /,  and  rf  when  k,  the  chord,  is  known  ;  which 
can  also  be  introduced  at  the  end  of  any  hypothesis.  We 
have 

1   __r+ 

P  ~ 


"—  s/ 2rr"  cos  f  ,  cos/' 

2rr"  sin2/'  "    ^/W  sin2/' 


in  which  x 


sin-  4r  g  . 


The  first  of  these  terms,  putting  r+r" 

■1     rr'  cos/=  k  cotg.  x,  becomes 

k  tan  ^  ^ 

2rr"  sin2/' 

The  second,  putting  for  2x', 

sin2  g'  b~-rr"  sin-/'' 

2  cos2  £  fir' ~       2  cos2  i  g'     ' 

b^Jrr"  cos/' 
becomes  2{\-x') 

We  have  then   *  =    «taD  **   +  ^  y/ ^  cos  f 
p        rr"  sin2/  (1—*') 


k  cosec  x-  and 


For  very  eccentric  orbits,  x'  can  be  neglected  iu  this  form- 
ula, but  can  of  course  be  computed  by  sin2;/  —  b~2rr"  sin2/'. 
In  the  present  case  *'  has  been  obtained  in  computing  Bt ; 
but  as  we  need  it  here  for  ZJ,,  it  should  be  got,  if  at  all,  by 
sin2  g'  z=  Bi  rr"  sin2/'. 

2     vV  _  yjr"  sin  /tan/ 
p'     3 


We  have  then 


=  1  + 


P       3 


1 -§(*-?) 

V  sin/'  tan/" 


§(*" 


") 


in  which  :<•  and  .<•"  are  obtained  bv 


-in-  g"  =  B:  rr'  sin2/" 


our  present  case,  for  the  para- 


sin2  g  =  -B,  r'r"  sin2/ 
This  process  gives  Us.  in 
bolic  value  of  ". 

log^-  =  9.996481, 
and  for  the  elliptic  value  of  ". 

log— =  9.996332. 
Interpolating  for  the  true  value  of  2J,-.  we  have 


log  '    =  9.996388 


log 


r"  (t"—t')~\ 

—  \  ,     J    =0.055905 
rt      (t—t)_\ 


which  agrees  with  the  true  value  to  one  decimal,  in  the  last 
place.     No  further  hypothesis  would  be  required. 

It  may  be  remarked,  that  it  is  not  necessary  to  proceed  to 
the  exact  solution  of  the  hypothesis  to  which  this  process  is 
to  be  applied.  It  is  enough,  if  we  have  two  values  of  u  not 
very  far  from  the  truth  ;  but  of  course  this  involves  the  ad- 
ditional labor  of  obtaining  g'  for  both  of  them,  instead  of 
having  it  furnished  for  one  by  the  solution  of  the  hypothe- 
sis, while  it  saves  the  labor  of  completing  it. 

It  may  also  be  remarked,  that  it  will  probably  be  well  to 
correct  the  value  of  —  derived  from  the  first  hypothesis,  if 
our  second  is  to  be  formed  without  a  new  value  of  6-2,  by  at 
least  recomputing  9,  /and  f"  by  the  resulting  value  of  r, 
and  with  these  values  of  /and  /"obtaining  ij,  r"  and  r  again. 
The  former  value  of  r'  will  be  accurate  enough.  But  we  may 
often  apply  the  process  described  above  to  the  first  hypothesis 
itself. 

It  may,  perhaps,  be  doubted  whether  i>,  and  B,  can  be 
supposed  to  change  uniformly  for  changes  in  »  :  if  not.  the 
process  of  interpolation  for  them  cannot  be  depended  on. 
But  B,  is  evidently  about  proportional  to 

Ml- 

X  =  —   / 

V 
aud  the  differentiation  of  this  equation  and  of  that  for  /<  gives 

(ueglectiuc:  ;) 

2d  Q2j 


[l+3(,— !)  +  !(,— l)s]ds  = 


!  (t- 


showing  that  dx  will  be  as  uniform  as  rf(iVcos/')^s 

We  may  also  differentiate  Bt  =  SS"  —  ^S0-.     This  gives 
2  dBi  =  (S'+S"—S)  dS  +  (S'+S—S")  dS"  —  S      S 

which  shows  that  no  sudden  changes  can  occur  in  it  unless 

/or/"  were  very  small,  iu  which  case  no  method  can  be  used 

with  accuracy. 
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OBSERVATIONS   OF   COMET   1888 cc   (SAWERTHAL), 

MADE  WITH  THE  15-INCH  EQUATORIAL  OF  THE  HARVARD  COLLEGE  OBSERVATORY, 

By  O.  C.  WENDELL,  Assistant. 
[Communicated  by  Professor  Edward  C.  Pickering,  Director.] 


1888  Greenwich  M.T. 

* 

No. 

Comp. 

#- 
/a 

-* 

jS 

(J/s  apparent 
a                           8 

log  ;»A 
for  a            for  6 

d         h        m       s 

Mar.  23  21  57  48 

1 

5  ,  5 

111            s 

—5  47.-.':' 

I           M 

—  9   15.6 

h       m        8 

21  35  55.99 

o        1         n 

—  6  35  28.6 

»:i..V.i5     0.795 

April    6  21      1  30 

2 

6  ,  6 

—0     4.45 

—  3   10.5 

22   19     4.04 

+   9   11    11.4 

r9.630 

0.717 

16  20  54     0 

3 

5  .  5 

—2   15.67 

+   7  55.7 

22  47  47.37 

17  43  43.5 

«9.643     0.708 

24  20  39  51 

4 

5  .  5 

—0  46.04 

—  0  35.8 

23     9     3.86 

23   14  48.1 

»9.661 

11.678 

June  29   15  31  59 

5 

6  ,  6 

—0  28.28 

+  11   34.8 

1     0  26.20 

47  38  43.7 

ft9.770 

0.780 

Julv      5  15     0  48 

6 

5  .  5 

—0  50.55 

—  3  51.4 

1     4  14.87 

+  48  57   38.2 

ri9.771 

0.791 

Mean  Places 

for  1S8S.0  of  Com  par 

ison-  Stars. 

* 

Red.  to 

8 

Red.  to 

a 

app.  place 

app.  place 

Authority 

1 

h      m       i 

21   41   44.44 

— LI  6 

o               t             II 

—  6  26     8.2 

ii 

—  4.8 

B.B.  VI,  Supplement 

2 

22   19     9.42 

—0.93 

+   9   14  30.0 

—  8.1 

Weisse's  Bessel  22\  368 

3 

22  50     3.87 

—0.83 

17  35  57.5 

—  9.7 

B.B.  VI.  4833 

4 

23     9  50.64 

—0.71 

23   15  34.6 

—10.7 

Weisse's  Bessel  23\  154-5 

5 

1     0  53.64 

+  0.84 

47  27  20.3 

—11.4 

Oe.  Arg.  1111 

6 

1     5     4.34 

+  1.08 

+  49     1  40.7 

—11.1 

Oe.  Arg.  1195 

114 

432 
466 
513 
715 
845 
L222 
1577 


1582 

1717 

2478 
2528 
2742 


THE    FAINTER 

By  HENRY  M. 
Of  the  variable  stars  included  in  the  list  in  No.  183,  I 
have  observed  all  but  eleven,  with  au  aperture  of  nine  inches. 
From  these  observations  I  select  such  notes  in  relation  to  the 
minima  as  may  be  serviceable.  When  a  star  is  low  in  the 
heavens  during  the  minimum,  it  may  disappear  at  much  above 
14M.  The  duration  of  the  invisibility  will  furnish  some  guide 
to  the  best  time  of  observation  with  any  larger  aperture. 
But  in  most  cases,  the  variable  was  either  invisible  when  first 
looked  for.  or  was  lost  in  the  twilight  before  it  reappeared. 

112     Invisible  more  than  a  month. 

Could  not  see  it  in   November  1885;   a  montli   later. 

bright. 
Remains  invisible  about  nine  mouths. 
Invisible  for  several  mouths. 
Disappears  for  a  month  or  more. 
Invisible  at  least  four  months. 
Did  not  disappear:  min.  about  1887  February  8. 
Did  not  disappear. 
The  variable  disappears  entirely  for  about  two  mouths, 

but  there  is  a  small  star  near  it  which  has  probably 

been  mistaken  for  it  in  fixing  the  magnitude  at  the 

minimum. 
Unless  wrongly  identified.  I  saw  it  easily  for  four  or 

five  months. 
Disappears  for  about  a  month. 
Disappears  entirely  for  a  month  or  more. 
Does  not  always  disappear  at  minimum. 
Disappeared  for  two  months  or  more. 


VARIABLES, 

PAKKHURST. 

2780     Disappeared  fur  two  months  or  more. 

2976     Does  not  disappear.     Minima  in   1885  about  March 

28  and  December  19. 
3477     Does  not  disappear. 

3890     Always  easily  seen  during  my  observations. 
1-315     Invisible  for  six   months  or  more,    until  jnst  before 

conjunction  with  the  sun. 
4816     Invisible  for  a  month  or  more. 
5070     Invisible  for  a  mouth  or  more. 
5494     Always  easily  seen  during  my  observations. 
5501     Invisible  for  two  months  or  more. 
5677     Seen  with  difficulty  at  the   minimum. 
5770     Invisible  for  a  month  or  more. 
")7:»."i     Invisible  for  two  months  or  more. 

5830  Iuvisible  for  a  mouth  or  more. 

5831  Invisible  for  a  mouth  or  more. 
6905     Does  not  disappear. 

6921  Invisible  for  two  months  or  more. 

7045  For  four  months  seen  only  by  glimpses. 

7220  Only  visible  for  about  four  months. 

7252  Only  visible  for  two  months. 

7455  Invisible  for  five  months  or  more. 

7">71  Visible  only  from  about  two  months  before  to  three 

mouths  after  the  maximum. 

7577  Invisible  for  three  months  or  more. 

7944  Invisible  for  three  months  or  more. 

8153  Invisible  for  four  months  or  more. 
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EPHEMERLS   OF 

COMET   1888  e 

{BARNARD) 

> 

By  LEWIS  ISOSS 

[Continued  from  No. 

182.] 

1---  (. 

-.  M.T. 

A  pp. 

U 

App.  8 

log  r 

log  A 

Light 

1888  G 

r.  M.T. 

App. 

a 

App.  8 

logr 

log  A 

Light 

Nov. 

17.5 

h 

3 

m 

50 

IS 

O               1 

—2  29.5 

0.3  li  is  1 

0.0399 

11.7 

Dec. 

5.5 

h 

1 

11 
52 

8 

—6 

56.0 

0.29053 

0.0769 

18.5 

3 

43 

51 

2  49.7 

0.3096(1 

0.0380 

6.5 

1 

46 

39 

7 

3.3 

0.28950 

0.0824 

19. .5 

3 

36 

58 

3     9.4 

0.30840 

0.0367 

7.5 

1 

41 

20 

7 

9.8 

0.28X4'.! 

0.0881 

10.4 

20.5 

3 

29 

59 

3  28.8 

0  30721 

0.0358 

8.5 

1 

36 

12 

7 

15.6 

0.28749 

0.0940 

21.5 

3 

22 

59 

3  47.7 

0.30603 

0.0355 

12.2 

9.5 

1 

31 

14 

7 

20.7 

0.28651 

0.1000 

22.5 

3 

15 

59 

4     6.1 

0.30486 

0.0356 

10.5 

1 

26 

26 

7 

25.2 

0.28554 

0.1061 

23.5 

3 

9 

0 

4  23.9 

0.30369 

0.0362 

11.5 

1 

21 

49 

7 

29.0 

0.28459 

0.1124 

9.5 

24.."> 

3 

2 

3 

4  41.0 

0.30251 

0.0373 

12.5 

1 

17 

21 

7 

32.2 

0.28365 

0.1188 

25.5 

2 

55 

9 

4  57.4 

0.30139 

0.0389 

12.3 

13.5 

1 

13 

4 

7 

34.9 

0.28272 

0.1253 

26.5 

2 

48 

19 

5   13.0 

0.30026 

0.0409 

14.5 

1 

8 

56 

7 

37.1 

0.28179 

0.1318 

27..". 

2 

41 

34 

5  27.9 

0.29913 

0.0434 

15.5 

1 

4 

58 

7 

38.7 

0.28090 

0.1383 

8.5 

28.5 

2 

34 

56 

5  41  9 

0.29801 

0.0464 

16.5 

1 

1 

9 

7 

39.9 

0.2m  10.", 

0.1449 

29.5 

2 

28 

23 

5  55.0 

0.2961)1 

0.0497 
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17.5 

0 

57 

29 

7 

40.7 

0.27815 

0.1515 

30.5 

2 

21 

59 

6     7.3 

0.29582 

0.0534 

18.5 

0 

53 

58 

7 

41.0 

0. 27730 

0.1581 

Dec. 

1.5 

2 

15 

42 

6   18.7 

o.2'.H74 

0.0575 

19.5 

0 

50 

36 
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41.0 

0.27746 

0.1646 
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2 

9 

35 

6  29.3 

0.29367 

0.0619 

Observation 

s  on  October  is  sho 

w  no  appreciable  correc- 

3.5 

2 

3 

36 

6  39.0 

0.29261 

0.0667 

11.3 

tion  to 

the  ep] 

emeris 

of 

this 

comet  contained 

in  No.  182,  of 

4.5 

1 

5  7 

47 

—6  47. :i 

0.29  I  56 

0.0717 

which  the  alio 

re 

is  a 

continuation. 

NEW  ASTEROIDS. 

A  planet  of  the  13th  magnitude,  or  fainter,  was  discovered  by  Palisa  at  Vienna,  Oct.  25.  in  the  following  position: 
1888  Oct.  25.2486  Or.  M.T.  a  =  13°  24'  6"  8  =  +2°  54'  58" 


The  asteroid  discovered  by  Bouket.lv,  May  12  (  A.J.  VIII,  32),  proved  to  be  no.  1 16,  Sirona.  Consequently,  that  found 
by  Palisa,  May  16,  became  no.  278;  and  this  one  is  no.  279.  Names  have  been  assigned,  as  follows,  to  some  of  those 
recently  discovered. 

(272)  Antonia.  (-"4)  Philagoria,  (275)  Sapieritia.  (276)  AdelhSid.  (278)  Paulina. 


Another,  of  the  12th  magnitude,  was  discovered  by  Palisa,  Oct.  31,  in  the  position, 

1888  Oct.  31.5165  Or.  M.T.  a  =  2h  2-  46. 2  8  =  +13    34'  29" 

This  is  no.  280. 


NEW    COMET,    1888  f  (BABNARD,  Oct.  30). 

A  despatch  received  from  Professor  E.  S.  Holden,  Oct.  31,  announces  the  discovery  of  a  new  comet  by  Professor  E. 
E.  Barnard,  at  the  Lick  Observatory,  in  the  followiug  position  : 
1888  Oct.  31.0399  Gr.  M.T.         9"  13"'  22\2  —15°  18'  52"  Daily  motion  in  R.A.,  +lm  32s ;    in  Decl.  +9'. 

Its  physical  appearance  is  as  follows  :     Slightly  elongated  ;  1'  in  diameter  ;  11M  or  fainter  ;  strong  central  condensation. 
An  observation  by  Mr.  Tuttle  has  been  telegraphed  by  the  Superintendent  of  the  Washington  Observatory  : 
1888  Nov.  1.8612  Gr.  M.T.  \c  =  9h  46m  14s.3  A  =  —  15C1'37" 
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ORBIT    AND    PROPER   MOTION"    OF   85  TJZGASI  (p  733), 

By  J.  M.  SCHAEBERLE,  Astronomer  oi    nn    Lick  Observatort. 


mmunicated  by  the  Director. 


The  duplicity  of  85  Pegasi  was  discovered  by  Mr.  Burn- 
ham  with  the  Chicago  telescope  in  1878. 

A-  he  has  recently  obtained  another  series  of  measures 
of  this  difficult  double,  with  our  great  refractor,  it  seemed 
worth  while,  even  with  the  scanty  data  at  hand,  to  compute 
an  approximate  orbit  of  this  interesting  binary.  Mr.  Burn- 
bam  has  furnished  me  with  the  following  data  : 

A    AMI    B 


Date 

P 

D 

rver 

1878.73 

274.0 

II 

0.67 

-'■  nights 

'.46 

284.6 

0.75 

'" 

1880.59 

298.3 

0.65 

/■'■"•      •• 

1881  :.l 

311.5 

0.58 

,.-;  1       •• 

1883.7". 

333  ± 

very  close 

(J  1       •■     (rough) 

1888.69 

126.7 

0.95 

■;;,      - 

A  combination  of  the  graphical  and  analytical"  methods 
gave  various  orbits,  in  all  of  which,  from  the  nature  of  the 
ca>e.  the  residuals  in  the  position-angles  were  rather  large. 
The  orbit  given  below  was  obtained  by  interpolation  from  a 
series  of  orbits  in  which  7".  ;.  i  and  Period  were  varied. 

Elements  ok  85  Pegasi  (0  733.) 

7/=    1**4.01  > 

n-Q  =     70=  3 
Q,  =306°.l 

i=    68°. 6 

e  =       0  .35 

a  =      0".96 

Period  =      22.3  years 

This  orbit  represents  the  above  observations,  as  follows  : 

*On  page  407  of  Klinkerfifs's  Tlienretische  Astronomie,  the  4th 
equation  should  read.        p  sinp  =  r  cosi  sin(>+T — J^). 


<>— C 


JP 


J-D 


—6.3 

+  0.06 

—  2.6 

+  0.08 

+  1.7 

—0.06 

+  7.2 

—0.10 

—7.2 

- 

—1.6 

+0.04 

A  general  idea  of  t he  apparent  relative  positions  of  the 
components  during  one  revolution  can  be  obtained  from  the 
following  ephemeris  : 

A    AND    B 


Date 

P 

D 

O 

a 

1876.0 

235.9 

0.47 

1  KSI  'J  i 

291.8 

0.78 

1884.0 

351.7 

0.19 

i  388.0 

124.5 

0.93 

1892.0 

145.0 

0.94 

1896.0 

172.7 

0.81 

To  determine  the  relative  proper-motion  of  85  Pegasi  from 
the  observed  position-angles  and  distances  of  the  star  C.  I 
have  used  the  following  data: 

A    AND    C 


Date 

P 

D 

Observer 

1870.00 

n°.o 

16.00 

Briinnow 

1877.94 

49.8 

14.0 

Flarnmariou 

1878.:,  1 

33.6 

14.40 

? 

1879.27 

30.4 

14.96 

V 

1880.57 

25.0 

15.41 

p 

l-si.54 

20.8 

16.29 

? 

1882.77 

17.1 

17.34 

p 

1888.67 

0.9 

21.71 

§ 

A  solution  by  the  method  of  least-squares  gives  for  the 
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velocity  and  direction  of  motion  of  85  /'n/, isi.  regarding  C  as 
fixed, 

Annual  motion  =  1".305 

Direction  of  motion  =  140°  20'. 4 

The  proper  motions  in  K.A.  and  Decl.  are  accordingly, 
Ju  =  +0".833,  J8  =  — 1".005,  These  numbers  differ 
somewhat  from  those  given  by  Argelander,  Maedler  and 
Bruknow,  as  can  be  seen  from  the  following  results  taken 
from  the  Vierteljahresschrift  der  Astr.  GeseUsch.,  IX  Jahrg., 
p.  39. 

3ft.  Hamilton,  1888  October  17. 


JOU 

i;  x  a  i.. 

N 

Ju 
Jo1 

\  RGELANDEH 

+0.981 
—0.985 

Maedler 

+  1.001 
—0.944 

BrBnnow 

+0.911 

—0.869 

N      is.'.. 


As  Professor  Brunnow  suggests,  the  cause  of  these  dif- 
ferences may  In-  due  to  a  slight  proper-motion  of  the  small 
star  C. 

If  we  assume  the  parallax  of  85  Pegasi  to  be  0".054  ae 
found  by  Brunnow,  the  combined  mass  of  the  system  is.  ac- 
cording to  the  above  elements.  11.3  times  the  sun's  mass. 


FILAR-MICROMETER  OBSERVATIONS  OF  COMET   1888c    {BROOKS), 


MADE    AT    THE    DUDLEY    OBSERVATORY, 

By   LEWIS   BOSS. 


L888  Albany  M.T.               * 

No. 

< ' p. 

/Ja                   lS 

A-'s  apparent 

3 

log  pA 

for  a            for  i) 

ll            111           > 

Sept.  14     8  38  33           8 

24     8   16   13            9 

15,5 
15  .  5 

111            8                                         /            It 

—  1    14.07         —1    46.4 
+  2   23.33    j    —4   2!).:i 

14  27    18.1  1 

15  8  38.33 

+  26°  35  32JQ 
+  18  57     3.9 

36      0.716 
9.657      0.726 

Mean  Places  for  1888.0  of  Comparison- Stars. 

*                    a 

Reel,  to 
app.  place 

8 

Red.  to 

app.  place 

Authority 

ll         11)           S 

8  14  28  32.22 

9  15     6   14.88 

— O.lll 
+  0.12 

+  26  37     9.5 
+  19      1    25.0 

n 

+8.9 
+  8.8 

DM.26°2577,eomp.withW.Bess.  428-9 
Weisse's  Bessel  85 

Notes.  —  Sept.  14.  Observations  difficult  on  account  of  moon- 
light.—Probable  error  of  Ju,  ±0-.20:ofJo'.  ±0".  7— The  comparison- 
star  is  of  the  10th  magnitude,  and  is  the  north  preceding  and  brighter 


of  the  two  stars  which  constitute  DM.  2<;°  2577. —  The  measured  dif- 
ference from  WYi".-  428-9  is  :     /,<  =  +7>"  1-.75:  J<)  =  — 5'  2 
corrected  for  refraction.      Sept    24.    Observations  not  difficult. 


ON    SOME    REMARKABLE   ANOMALIES    IN 

By  S.  C.  CHANDLER. 

I  desire  to  direct  attention  to  the  curious  phenomena  which  determined 
this  variable  is  exhibiting,  and  to  make  an  urgent  appeal, 
especially  to  the  astronomers  of  northern  Europe, — where 
alone,  for  many  months  to  come,  observations  can  be  effec- 
tively carried  on  —  for  determinations  of  minima.  The 
period  appears  to  be  subject  to  enormous  inequalities  for 
which  we  have  no  analogue  among  other  variables  of  this 
type.  These  inequalities  develop  so  rapidly  as  to  become 
sensible  in  the  course  of  a  few  weeks'  observations,  and  are 
of  such  magnitude  as  to  render  futile  the  attempt  to  predict 
the  minima,  even  but  a  few  months  in  advance,  until  their 
character  is  more  certainly  established. 

The  elements  on  page  150.  Vol.  VII,  of  this  Journal,  were 

found  from  t\\ >rmal  epochs,  formed  from  groups  of  a  few 

weeks' observations  each,  the  first  extending  from  1886  Dec. 
9,  to  1887  Jan.  11,  and  the  second  from  1887  Sept.  18  to 
Nov.  •"..      From    the   sharpness   with  which  the   minima   were 


rilK    l'KKlOl)    OF    Y  CYG3I. 


the  resulting  period  was  considered  to  be  ac- 
curate within  a  couple  of  seconds,  as  I  stated  in  the  place 
quoted.  It  was  with  a  good  deal  of  astonishment,  there- 
fore, when,  in  the  spring  of  1888,  the  star  got  enough  above 
the  eastern  horizon  to  be  observed,  that  I  found  it  at  its  maxi- 
mum brilliancy  at  the  time  of  predicted  minimum,  and  that  no 
fluctuation  was  perceptible  even  when  the  watch  was  pro- 
longed beyond  the  time  at  which,  by  every  reasonable  prob- 
ability, the  maximum  brightness  should  have  been  attained. 
After  several  attempts,  the  minima  were  reestablished,  but 
the  correction  to  the  elements  implied  by  these  observations 
was  four  or  five  hours.  Subsequently  the  difference  in- 
creased,  until  it  reached  nearly  seven  hours  in  October,  since 
which  time  observations  have  been  no  longer  practicable. 

From  the  data  available  when  my  catalogue  was  prepared. 
1  could  form  no  clear  idea  of  the  true  nature  of  the  deviations 
from  uniformity  of  period,  and  the  fact  of  the  existence  of 
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irregularity  was  therefore  simply  stated  ;  the  old  period  be- 
ing retained,  but  a  new  epoch  provisionally  substituted. 

In  order  that  the  nature  of  the  anomalies  may  >il-  further 
investigated.  I  give  below  all  the  minima  which  are  at  pres- 
ent suitable  for  use.  The  table  contains  thirteen  minima 
observed  by  me.  marked  ('  ;  three  minima  by  Mr.  P.  S. 
Yendei.l,  observed  this  summer,  and  kindly  communicated 
in  manuscript,  marked  V  ;  and  five  dates  of  minima  which  I 

Table  oe  Observed  Minima 


have  inferred  from  the  observations  published  by  Mr.  Saw- 
yer, and  marked  S.  To  these  last,  resting  on  isolated  com- 
parisons, must  of  course  be  assigned  less  weight  than  to 
regular  determinations,  but  their  evidence  is  too  valuable  to 
be  entirely  neglected. 

Besides  the  above  complete  minima,  I  have  several  other 
incomplete  ones,  which  can  be  utilized  at  some  future  date. 


Epoch 

I  ibserved  Minimum 

Red.  i" 

Observer 

Minimum 

Wt. 

Obs. 

O— C 

0— C 

Camb. 

M.T. 

O 

Heliocenl  i 

ic  Gr.  M.T. 

d       h       in 

in 

(1           tl            111 

in 

in 

0 

1886  Dec. 

9     6   15 

—•.'.it 

1886  Dec. 

'.1    in   57.5 

i 

C 

—  17.0 

—38.5 

8 

21     6   12 

—3.0 

21    10  53.5 

I 

c 

+     4.6 

—  9.6 

12 

27     6     0 

—3.5 

27    Id  41.0 

1 

c 

+     4.9 

—  5.8 

it; 

1887  Jan. 

2     5  5  1 

—3.9 

Jan. 

2   10  34.6 

i 

c 

+    11.3 

+   4.0 

22 

11      5  34 

—4.-1 

11    10    14.1 

1 

c 

+    10.0 

+    7.5 

165 

Aug. 

13     8  50 

+  5.1 

lss7  Aug. 

13  13  39.6 

i 

s 

—  46.9 

—20.6 

167 

16     9  •-'<) 

+  5.2 

16   14     9.7 

1 

s 

—  10.4 

+  15.2 

169 

19     9     5 

+5.2 

19    13  54.7 

"g" 

s 

—  19.0 

+   5.8 

17:; 

25     8  25 

+  5.:; 

25   13   14.8 

I 

s 

—  46.1 

—23.0 

183 

Sept. 

9     8  35 

+  4.S 

Sept. 

9   13  24.3 

1 

s 

—     4.6 

+  13.8 

189 

is     8  35 

+4.6 

- 

is    13  24.1 

1 

c 

+    14.1 

+  31.6 

205 

Oct. 

12     7  25 

+3.1 

Oct. 

12   12   12.6 

3 

c 

—     5.9 

—  0.7 

207 

15     7  26 

+2.9 

15   12   13.4 

3 

c 

+     1.3 

+   5.0 

209 

18     7    17 

+  2.7 

18   12     4.2 

1 

c 

—     1 .5 

+   0.8 

•J  17 

30     6    18 

+  1.6 

30   11   34.1 

1 

c 

—     6.0 

—  9.7 

221 

Nov. 

5     6    1  1 

+  1.1 

Nov. 

5   11   29  6 

3 

c 

+     2.3 

—  4.6 

390 

1888  July 

15   14  24 

+  4.6 

lsss  July 

15   19    13.1 

5 

c 

+  286.6 

+  27.2 

lis 

Aug. 

26    13     0 

+  5.3 

Aug. 

26   17    19.8 

2 

c 

+  292.9 

—.".0.4 

128 

Sept. 

10   12  50 

+  4.8 

Sept. 

10   17  39.3 

2 

Y 

+  314.4 

—32.2 

llo 

28   12  5  1 

+  4.0 

28   17  42.5 

■> 

Y 

+  356.11 

—  21.9 

lis 

Oct. 

10   13  23 

+  3.3 

Oct. 

10  18   10.8 

2 

Y 

+409.9 

+  11.2 

The  values  (O — C)  arc  the  deviations  from  the  elements 
on  p.  150,  Vol.  VII.  It  is  seen  al  oner  that  the  results 
for  different  years  arc  utterly  incompatible  with  a  uniform 
period.  The  hypothesis  of  further  subdivision  of  the  period 
is  also  excluded,  bj  other  observations. 

Dividing  the  data  into  five  groups,  we  get  the  following 
normals,  and  from  their  intervals  the  periods  given  in  the 
last  column. 


O— C 


(lbs. 


Period 


14 

+      6.0 

(' 

171 

—  36.3 

s 

1    11 

56  31.8 

209 

0.0 

C 

57  45.;; 

398 

+288.4 

(' 

58    19.5 

439 

+  358.7 

Y 

58  30.9 

These  results  apparently  show  an  increase  of  the  period 
at  a  rate  entirely  beyond  precedent.  From  the  three  nor- 
mals based  on  my  own  observations  alone,  I  find  the  ele- 
ments, referred  for  convenience  to  epoch  519, 

1889  Jan.  25"  5"  39'". 6  (Gr.M.T.)  +1"  12"  0m  0U2  (E— 519) 
+0\24  (E— 519)-' 


The  extraordinary  lengthening  of  the  period  indicated  by 
these  elements,  amounting  to  half  a  second  of  time  between 
two  successive  recurrences,  transcends  a  hundred-fold  the 
rate  of  change  in  Algol's  period  when  it  was  shortening  most 
rapidly,  and  a  thousand-fold  the  corresponding  change  in 
the  period  of  U  Ophiuchi. 

It  is  by  no  means  to  be  inferred  that,  in  adopting  the 
above  form  of  expression,  1  am  of  opinion  that  a  secular 
change  is  going  ou.  Ou  the  contrary,  the  evidence  points 
clearly  to  some  form  of  periodical  change,  without  enabling 
us  vet  t"  del  ermine  the  constants.  In  all  probability  the 
cycle  of  its  principal  term  is  very  short,  extending,  perhaps, 
over  but  one  or  two  hundred  periods. 

The  comparison  of  the  above  elements  is  shown  in  the  last 
column  of  the  table,  (O — C").  It  should  be  observed  that 
the  star  belongs  to  the  class  of  ^%oZ-variables  whose  minima 
can  be  fixed  by  observation  with  great  accuracy,  the  vari- 
ation of  brightness  being  relatively  very  rapid.  The  prob- 
able error  of  a  single  determination  of  minimum  will  not,  1 
thiuk,  prove  to  be  greater  than  ±4'"  or  ±5"'.  Such  obser- 
vation-errors as  those  indicated  on  1888  July  15  aud  Aug. 
26,  for  example,  are  practically  impossible,  for  half  an  hour 
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after  or  before  minimum  the  star  is  well  on  its  way  to  or 
from  maximum.  The  differences  (<• — ("i  art',  therefore, 
for  the  must  part,  real  deviations;  and  the  law  of  the  per- 
turbations of  the  period  is  manifestly  a  very  complicated 
one,  which,  in  the  shortness  of  some  of  its  terms,  suggests 
similar  anomalies   that  obscurely  appear,   but   to  a   far  less 


amount,  in  /.  Tauri,  where  their  mathematical  expression 
lias  never  yet  been  determined,  on  account  of  the  uncertainty 
and  incompleteness  of  the  observations. 

The  close  commensurability  of  the  present  value  of  the 
period  with  the  mean  solar  day  enables  us  to  construct  an 
approximate  ephemeris  in  the  following  convenient  form. 


Approximate  Ephemeris  oj     T Cygni,  Greenwich   M.T. 


Minimum  about  5b  40'" 

Minimum  about  17h  40'" 

E  =    187 

1888     Dee.     8 

E  =  527 

1889   Feb.    >'. 

E  =   188 

1888   Dee.   :i 

E  =  528 

1889  Feb.   7 

189 

11 

5  2'.i 

tl 

190 

12 

530 

10 

491 

14 

531 

12 

192 

15 

532 

13 

1=93 

17 

5:i:; 

15 

494 

18 

534 

16 

195 

•jo 

.-,:;;, 

18 

496 

21 

536 

19 

197 

23 

537 

21 

498 

2  1 

538 

22 

499 

26 

539 

24 

;,oo 

27 

540 

2.". 

.-,01 

29 

513 

■>~ 

502 

30 

512 

28 

503 

1889   .Ian.    1 

543 

.Mar.    2 

504 

1889  -Ian.    2 

541 

Mar.   3 

505 

1 

.1 1  ."1 

■  1 

506 

5 

546 

6 

507 

7 

517 

8 

508 

s 

548 

9 

509 

10 

549 

11 

.MO 

11 

550 

12 

511 

13 

551 

14 

512 

14 

552 

15 

513 

16 

553 

17 

514 

17 

554 

18 

515 

19 

555 

20 

516 

20 

556 

21 

517 

22 

55  7 

23 

5  1  8 

23 

558 

21 

51!' 

25 

55!) 

26 

520 

20 

560 

27 

521 

28 

561 

2:1 

522 

29 

562 

30 

523 

31 

563 

Apr.    1 

524 

Feb.   1 

564 

Apr.   2 

.".25 

Feb.   3 

526 

4 

FILAK-MICROMETEK  OBSERVATION'S  OF  COMET   1888 e   (BARNAMD), 


MADE     \T   THE    1)1  1)1. KV    OBSERVATORY, 

By  LEWIS  BOSS. 


1888  Albany  M.T. 

* 

No. 
Comp. 

la 

-* 

/S 

t, -''s  apparent 
a                            S 

log  rA 

for  A 

fl         h        in       s 

Oct.    is   12  51   43 

8 

21  .  7 

III             s 

+  o    18.98 

i        n 

+  2     5.1 

6   10   10.22 

o       '         'i 

+5  56    19.7 

z.9.53  1 

0.741 

13   18     9 

:> 

21  .  7 

—0  51.77 

—2     2.6 

6   H>     7. 32 

r-5  56     s.4 

»9.488 

0.737 

Nov.      1    13  44  23 

10 

1 :,  .  5 

+  5    11.75 

—2  40.7 

.".  22     8.89 

+2  38  43.3 

«8.898 

d.753 

14   20  17 

11 

15  .  5 

-1   39.25 

+  4   19.3 

5  22     2.63 

+  2  38   17.9 

»S.314 

0.753 

1.-.      7   11 

12 

is  .  6 

+  2  27.09 

—1    25.6 

5  -.'l    53.39 

+  2  37    13.8 

8.848 

0.753 

.">    14    21    52 

13 

'J  .  3 

+  6  19.72 

—0  25. s 

5     2  34.50 

+  1   26   19.8 

8.640 

0.763 

1 

Meet 

//  rid <is 

for  1 '888.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  plaee 

8 

Red.  to 
app.  place 

Authority 

a 

0           )          It 

n 

8 

6      9    19.19 

+  2.05 

+  5  54    13.0 

+  1.6 

Glasgow   1533 

9 

6   10  57.05 

+  2.04 

+  5  58     9.5 

+  1.5 

Bonn  VI,  •">    1164 

10 

5   16  54.52 

+  2.62 

+  2  41    20.3 

F3.7 

Paris  6200  and  Albany  1683 

11 

5  26  39.30 

+  2.5S 

+  2  33   55.3 

+  3.3 

Paris  6404  and  Albany  L790 

12 

5   19  23.69 

+  2.61 

+  2  39     5.8 

+  3.6 

Albany  171 1 

13 

1   56    12.05 

+  2.73 

+  1   26   ll.o 

+4.6 

P.M.509,Paris5793&Alb.  1537 

Notes. —  Oct.  18.     The  light  of  the  comet  is  equivalent  to9M.0. — 
Nov.  i.    Thecoma  is  faint  and  large.     It  appears  to  be  more  ex- 


tended in  (approximately    position-angle  0  .     The  nuclear  conden- 
sation is  very  strong.— Nov.  5.     Barelj  visible  through  li^lit  clouds. 
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OBSERVATION   OF   COMET    1888   f  {BARNARD), 

MADE     \l     Mil:    DUDLEY  OBSERVATOR1        VLBANY, 

By  LEWIS   BOSS 


1888   Ubanj  M.T 


$? — %  ^'s  iipparenl  logi>A 

/a  j8  a  8  forn     1     f<"  '" 

li        m        -  "i        -  i         'I  li        in         s  o      i         ,i  ,  ii 

Nov.  1    It!  54   58  I  6,2       —4   20.03      — 0  4  1.7  9  46    15.07        —15   1    32.8  «9.348     0.859 


No. 

*        (  omp 


Mea«   /Vr/(v  /or  1888.0  of  Comparison-Star, 


Reel,  to 
*  a  !ll>l>-  Place 

i        d'.M) '.",:;.:».",       +  i.r, 


Ketl.  In 
§  app.  place  Authority 

O        I  II  II 

15  0  51.5         +0.4  Weisse's  Bessel  1054 


OBSERVATIONS   OF    COMETS,    ETC., 

MADE    AT    THE    U.S.    NAVAL    OBSERVATORY    WITH    THE  9.6-INCH    EQUATORIAL. 

[Communicated  by  the  Superintendent.  ] 


L888  Washington  M.T. 

* 

No. 

-  * 

o/'s  apparent 

log 

/'A 

Obs. 

( !omp 

la 

8 

a 

8 

111!   ./ 

1"!    ,1 

Comet  a   (Sawerthal). 

July    2  1 1"  30  -22.7 

1 

L'n  .   1 

— o"W.71 

-  7  46.:; 

<    uMl.T    C     (BrOC 

l"    2"  Si".  27 

Ks)  . 

+  48° 

19 

11 
27.7 

**9.'.S31 

tf 

o.7o-_> 

F 

Aug.  11     9    6    8.4 

2 

11.:: 

—1     4.81 

+    7   20.3 

Hi  38  54.36 

+  44 

48 

59.9 

9.758 

0.791 

F 

23    8    4     2.8 

3 

lit  .  5 

—0    14.43 

+    1    56.2 

.> 

21     8     7  42.1 

4 

30  .  6 

+  0  54.1!) 

-2     4.1 

12    19    16.00 

+  41 

18 

26.3 

9.784 

0.559 

W 

Sept.    2    8    6  30.2 

5 

38  .  7 

—1    25. 60 

( 

+   3  46.3 
!omet  e   (  Barn. 

1.".  20   16.  19 

LRl>). 

+  35 

48 

2.1 

9.751 

0.608 

w 

Sept.  12  15  4*  55.1 

6 

54  , 1 0 

+  0   19.60 

+  11   58.9 

6  50  36.58 

+  10 

is 

1.9 

>i9.570 

0.071 

w 

13  15  25  54.2 

7 

24  .  5 

—6   12.IK! 

-    1    11.7 

'1 

19  15  32  11.5 

8 

20  .  5 

-II  ;,.->. i in 

+   4  38.3 

6  47  51.40 

+   9 

43 

2.7 

»9.548 

0.071 

w 

16    9  22.8 

9 

—  1    13.25 

—  4  38.9 

6  47  50.49 

+   9 

42 

45.8 

/i9.476 

0.658 

\Y 

29  15    4  34.3 

10 

20  .  4 

—6      1.63 

+  15  54.) 

6   40  50.17 

+   9 

0 

•1 

52,6 

„9.532 

0.674 

T 

Oct.     2  15  44  31.4 

11 

30  .  6 

—3     2.92 

—  7  45  3 

6  37  33.29 

+   8 

21 

7.2 

//.9.608 

0.697 

T 

3  14  46    0.3 

12 

20  .  1 

—4    48.78 

+   4  34.5 

6  36  --'7. 59 

+   8 

13 

59,6 

h.9.510 

0.678 

T 

4  16    9  30.0 

12 

20  ,  4 

—6     5.93 

3  26.9 

6  35    10.46 

+   8 

5 

58.2 

/*9.240 

0.677 

T 

6  16  58  48.2 

13 

10  .  2 

+3    15.04 

+   6     6.9 

T 

8  14  14  51.3 

14 

+  1    17.48 

+   0  37.8 

6  28    10.06 

+   7 

25 

29.7 

n9.516 

0.688 

T 

12  14  45  22.9 

15 

20  .  4 

—2  50.63 

+   6     1.6 

6   22   55. SO 

+   6 

57 

56.2 

/(9.612 

0.707 

T 

13  13  49  48.0 

15 

25  .  5 

—4   4  1.10 

3    19.2 

6   21      5.35 

+   6 

48 

35.4 

,(9.512 

0.691 

T 

17  16  34  33.2 

16 

20  ,  4 

+  2  29.49 

—  0  17.8 

6    12    11.51 

+    6 

5 

46.5 

8.369 

o.07s 

T 

17  24  39.4 

17 

20  .  4 

-HI  54.14 

-   1    59.5 

6   12     6.60 

+   6 

5 

18.1 

9.091 

0.690 

W 

2.s  14  11  31.4 

18 

30  .  6 

+  3     9.78 

—  0     0  3 

."1   42      1.19 

+   3 

li; 

58.3 

9.042 

0.70.-, 

T 

30  15    0  14.6 

19 

20  .  4 

+  5   in.  1(1 

—  1    12. s 
Domkt/  (  B  VUN 

5  .".11  34.87 
w;i>) . 

+   3 

11 

8.6 

8.320 

0.710 

T 

Nov.     1   15  31  54.2 

20 

'.)  .  2 

—4   20.77 

—  0   47.0 

9    16   14.35 

—  15 

1 

37.0 

«9.571 

0.SO9 

T 

11  15  15  37.7 

21 

15  .  3 

+  7     3.13 

+    4   24.7 

in     11     9.48 

—13 

20 

0.4 

h.9.554 

0.807 

1 

20  17  33  13.0 

22 

10  .  2 

+  1    12.20 

—  0   15.5 

10  in  39.10 

—11 

27 

40.7 

n.8.784 

0.S31 

F 

17  35  40.8 

23 

5  .  1 

—  1   35.80 

+    3  32.1 

111    10   39.66 

—11 

27 

44.9 

F 

21  17  39  48.1 

24 

19  ,  5 

+  1    57.24 

(  >BSER> 

+    il      1.7 

VTION    oi'    ASTE 

10   1 1    11.69 
toil)    (280). 

—  11 

14 

4.0 

m8.699 

0.831 

F 

Nov.    3  10  25  59.4 

25 

10  ,  2 

—0  56.98 

—  2  31.0 

1    59  25.04 

+  13 

31 

36.8 

w8.889 

0.5  7s 

F 
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Mean  Places  for  1888.0  of  Comparison- Stars. 


Red.  to 

lied.  l(. 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

t 
1 

in         s 

3   19.02 

f0!96 

o           t          II 

■   i-  27   25.3 

—11.3 

1  le.  Arg.  1155 

2 

10 

39  59.95 

—0.78 

+  44  41   35.6 

+    4.0 

Radcliffe  255  1 

•". 

DM.  +41-  2285 

■1 

12 

is  22.36 

— 0.55 

+  41    20  24.8 

+   5.6 

Weisse's  Bessel  346 

5 

13 

21    42.43 

—0.25 

+35  44     8.1 

+    7.7 

Weisse's  Bessel  1  lo 

6 

6 

50    16.16 

4-0.82 

+  10     6     3.6 

—  0.6 

Bonn  VI 1335 

i 

DM.  +10°  1384 

8 

6 

18    15.37 

+  1.03 

4    '.)  38  24.6 

—  0.2 

2.  986 

9 

6 

49     2.71 

+ 1 .03 

+   9  47  25.0 

—  0.3 

Weisse's  Bessel  1437 

10 

6 

46  50.47 

+  1.33 

+   8  47  58.7 

—  0.2 

Grant  1676 

11 

6 

in  .".4.76 

+ 1 .  45 

+    8  28  52.3 

+   0.2 

Grant  1647 

12 

6 

41    14.90 

j +1.471 
[  +1.49  i 

•     S     :>  24.9 

+   0.2 

Graut  1649 

13 

DM.  +7=  1467 

14 

6 

26  50.90 

+  1.68 

+    7  24  51.2 

+   0.7 

i(Gr.  1864+H.C.  1875) 

15 

6 

25  44.(11 

(  +1.821 

(  + 1 .84  f 

+   6  .".1   53.9 

+   0.7 

Schjellerup  2241 

16 

6 

9  40. mi 

4-2.H2 

+   6     6     2.8 

+    1.5 

KSchj.  2109+W.  Bessel 

210) 

17 

6 

11    10.44 

+  2.1)2 

+   67   16.1 

+    1.5 

Weisse's  Bessel  256 

18 

5 

38  48.96 

+  2.45 

+   3  46  55.6 

+   3.0 

Weisse's  Bessel  l»50 

lit 

5 

25  21.94 

+  2.:.:: 

+   3  12   17.9 

+   3.5 

Grant  1348 

20 

9 

."hi  33.91 

+  1.21 

—15     0  51.5 

+   0.5 

Weisse's  Bessel  1054 

21 

9 

53      1.89 

+  1.46 

— 13  21   23.7 

—    1.4 

Lalande  19530 

22 

10 

9  25.19 

+  1.65 

—  11   27  21.5 

—  3.* 

Lalande  19930 

23 

in 

12   13.82 

+  1.64 

—  1  1    31    13.4 

—  3.6 

W  eisse  X.  16.i 

24 

in 

9  42.81 

+  1.64 

—11    14      1.8 

—  3.9 

Armagh  (2)   1189 

-'"' 

2 

n  19.06 

+2.96 

+  13  33  54.0 

+  13.8 

Weisse's  Bessel  1039 

>servers 

are  l'ia-m  .  Winl 

ick  and  Tn 

n.rc. 

DISCOVERY    AXI)   OBSERVATIONS   OF   COMET    1888^, 

By  E.  E.  BAIiXAHl).  Astronomer  of  mi    Lick  Observatory. 


On  the  morning  of  October  31,  after  closing  observations 
with  the  12-inch  equatorial,  I  began  comet-seeking  with  the 
4-inch  broken-tube  comet  seeker.  A  faint  and  suspicious  ob- 
ject being  swept  up,  it  was  examined  with  the  12-inch,  and 
was  at  once  seen  to  be  a  comet;  the  head  was  moderately  well 
developed,  with  an  ill-defined  nucleus,  and  a  short,  faint  tail 
preceding.  I  estimated  the  comet  tn  lie  between  the  eleventh 
and  twelfth  magnitudes.     The  observations  clearly  showed 


motion  towards  the  northeast.  A  telegram  was  at  once  sent 
out  announcing  the  discovery,  and  giving  the  daily  motions 
as  +1"  •';■_  and  +'.)'.  These  values,  derived  from  the  ob- 
servations  during  the  short  time  the  comet  was  seen,  proved 
t"  lie  very  close  to  the  true  ones. 

Following  are  the  observations   so  far   obtained   of  the 
comet.      These  are  corrected  for  differential  refraction. 
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N°-  185. 
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Mean   Places  for  18SS.0  of  Comparison- Stars. 
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Lick  Observatory,  1888  Nov.  13. 


OBSERVATIONS   OF   COMET   1888  c   ^BROOKS), 

MADE    WITH    THE    15-RJCH    EQUATORIAL    OF   THE    HARVARD    COLLEG1     OBSERVATORY, 

B.   O.  c  WENDELL,  Assistant. 
immunicated  by  Professor  Edward  C.  Pickering,  Director.] 


1888  Greenwich  M.T. 
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Mean   Places  for  1888.0  of  Comparison- Stars 
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ELEMENTS    AM)    EPHEMEKIS   OF   COMET    1888./'  (BABNAiiD), 


By  W.  C.   WTNL0CK. 


[Communicated  by  the  Superintendent  of  the  L'.S.N.  Observatory.] 


The  following  elements  were  computed  from  the  mean  of 
the  Albany.  Cambridge  and  Washington  observations  of 
Nov.  1.  and  the  Washington  observations  of  Nov.  11  and  20. 
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The  brightness  on  Nov.  1  is  taken  as  unity. 
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ON  THE  COLORS  OF  THE  VARIABLE  STARS, 


l!v   S.   ('.   CHANDLER 


'Flit--  purpose  of  iliis  article  is  to  communicate  the  results 
of  the  series  of  observations  cm  the  redness  of  the  variable 
stars  which  were  incorporated  in  my  (  atalogue  (No.  179- 
180  of  this  Journal)  as  briefly  described  in  the  introduction 
thereto. 

I  had  long  been  impressed  with  the  importance  of  an  in- 
vestigation of  the  sort  in  question,  but  had  been  deterred 
from  undertaking  it  by  the  difficulties,  physical  and  physio- 
logical, in  devising  a  rational  and  practical  method,  and  the 
establishment  of  a  correct  color-scale.  Nevertheless  there 
was  a  prospect  that  something  of  value  could  be  accom- 
plished in  this  direction,  without  waiting  until  these  obstacles 
to  a  complete  solution  of  the  problem  should  be  surmounted. 
I  therefore  began,  in  April,  1883,  a  scries  of  estimates,  with 
my  6] -inch  t'lacey  refractor,  upon  a  large  number  of  the 
telescopic  variables,  according  to  a  plan  proposed  first  by 
Klein,  and  afterwards  pursued  by  Sc  iimihi  so  industriously 
and  satisfactorily  in  its  application  to  the  brighter  stars,  and 
later  still  by  Safarik  and  Ditner.  It  did  not  seem  1  >est  to 
attempt  to  conform  my  scale  to  thai  of  s'  hmidt,  us  the 
effort  would  in  all  likelihood  fail,  aud  iu  no  event  could  a 
comparison  between  estimates  by  two  observers  be  directly 
made,  without  an  investigation  of  the  relation  between  their 
scales.  For  the  same  reason  I  shall  not  here  attempt  to 
convey,  by  ampler  verbal  description,  any  more  definite  idea 
of  the  character  of  the  imaginary  decimal  scale  to  which  I 
sought  to  conform,  than  is  contained  in  the  introduction  to 
my  Catalogue  ;  which  description  is  here  repeated  for  con- 
venience. The  0  corresponds  to  white  light ;  1  to  the  slight- 
est perceptible  admixture  of  yellow  with  the  white  ;  2  to 
yellow  ;  3  to  yellowish  orange  ;  4  to  full  orange  or  orange- 
red  ;  5  to  10  to  increasing  shades  of  intensity  up  to  the 
nearest  approach  to  pure  red  light  of  which  we  have  cogni- 
zance in  the  heavens,  exemplified  nearly  by  such  stars  as 
S  Cephei,  VCygni  and  11  Leporis.  It  is  freely  admitted  that 
there  is  much  vagueness  in  this  description,  as  well  as  iu  the 
mental  picture  of  the  imaginary  standards  to  which  it  was 
sought  to  refer  the  estimates.  The  difficulty  is  inherent, 
and  has  been  experienced  by  other  observers.     Indeed,  in 


the  beginning,  before  confidence  had  been  acquired  by  prac- 
tice, I  strongly  doubted  whether  the  method  would  yield 
results  to  l»-  depended  upon:  but  on  further  acquaintance  I 
am  convinced  that  the  certainty  of  the  process  of  mental 
reference  of  color-impressions  to  imaginary  standards,  and 
the  fixedness  of  the  latter,  are  greater  than  would  be  natu- 
rally inferred  by  an  observer  previous  to  trial. 

An  independent  means  of  judging  of  the  trustworthiness  of 
the  results  was  obtained  by  a  series  of  color-measuremeuts 
by  a  totally  different  method,  which  were  begun  later  in  the 
same  year,  and  carried  on,  parallel  with  the  first  series,  to 
their  termination  in  June,  1884.  In  casting  about  for 
some  simple  means  of  verifying  the  decimal  scale  estimates, 
after  making  various  desultory  and  unsatisfactory  experi- 
ments, with  a  direct-vision  prism,  and  otherwise,  I  finally 
hit  upon  what  seems  to  be  au  effective  way  of  easily  recog- 
nizing differences  of  color,  and  of  numerically  estimating 
their  relative  amount  with  great  certaiuty  —  although  upon 
an  entirely  arbitrary  scale.  The  accuracy  with  which  the 
relative  value  of  moderate  differences  of  brightness  can  be 
estimated  by  Argelander's  method,  suggested  the  idea  of 
converting  the  difference  of  color  between  two  stars  into 
difference  of  brightness,  thus  changing  the  element  to  be 
directly  observed  from  a  very  uncertain,  to  a  very  certain 
one.  This  conversion  was  effected  in  a  simple  manner,  by 
interposing  a  shade  of  colored  glass,  which,  by  its  selective 
absorption,  alters  the  apparent  relative  brightness  of  stars 
of  different  colors.  Thus,  a  red  star  which  appears  exactly 
equal  to  a  white  one,  when  viewed  in  the  ordinary  way,  ap- 
pears fainter  than  the  latter  when  a  blue  shade-glass  is 
applied  to  the  eyepiece,  and  brighter  when  a  red  shade-glass 
is  used.  These  differences,  which  can  be  estimated  very 
precisely  by  Argelander's  method,  thus  become  measures 
of  the  difference  of  color,  of  course  on  au  entirely  arbitrary 
scale,  depending  on  the  amount  and  character  of  the  selec- 
tive absorption  of  the  shades  employed. 

By  this  simple  method  were  made  the  series  of  measure- 
ments whose  results  are  presently  to  be  given  under  the 
name  of  "  Relative-Diminution  Estimates."     The  particular 
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shade-glass  used  was  of  a  weak  blue  tint,  selected  so  thai 
the  relative  diminution  of  variables  of  average  redness,  with 
reference  to  white  stars,  was  about  half  a  magnitude.  rl*he 
practical  process  of  conducting  each  observation  was  as  fol- 
lows. The  variable  being  brought  near  the  center  of  the 
field,  a  comparison-star  was  chosen,  as  nearly  as  possible 
free  from  perceptible  color,  and  nearly  of  the  same  bright- 
ness —  preferably  a  trifle  fainter  than  the  variable.  Sup- 
pose the  comparison  showed  the  variable  to  be  •'!  steps 
brighter,  for  example.  The  blue  shade  was  then  applied 
and  the  comparison  was  repeated.  Suppose  the  variable 
appeared  now  to  be  4  steps  fainter.  The  "  relative  diminu- 
tion "'  of  brightness  was  therefore  7  steps  :  and  similar  com- 
parisons being  made  with  one  or  two  other  stars  in  the  field. 
to  reduce  the  effect  of  marked  color  in  either  of  them,  the 
mean  was  recorded  as  the  result  of  the  observation. 

The  table  on  page  139  contains  the  results  of  all  the  ob- 
servations made  by  both  methods  above  described.  It  com- 
prises 665  "  Decimal-Scale  Estimates  "  upon  108" telescopic 
variables,  and  2*7  '•  Relative-Diminution  Estimates "  upon 
i~  of  the  same  stars,  giving  an  average  of  nearly  nine  esti- 
mates of  the  color  of  each  star.  The  table  contains,  against 
each  star,  indicated  by  its  catalogue-number  and  name,  the 
number  and  average  value,  A,  of  the  decimal-scale  estimates, 
and  the  number  and  average  value,  B,  of  the  relative-dimi- 
nution estimates.  The  column  C  is  the  value  of  B  reduced 
to  the  scale  of  A  by  means  of  the  table  of  reduction  here- 
after giveu.  The  last  column,  headed  "  Mean,"  is  the  mean 
of  A  and  C.  taken  with  regard  to  the  number  of  observa- 
tions, and  is  the  value  of  the  redness  inserted  in  the  tenth 
column  of  my  Catalogue  of  Variables. 

The  table  for  reducing  the  values  B  to  the  scale  of  .1  is 
here  giveu. 


A 

B 

A 

B 

A 

B 

.1 

ii 

0.0 

2.0 

2.5 

2.8 

5.0 

4.7 

7.5 

•S.5 

i).;, 

2.1 

3.0 

3.0 

5.5 

5.2 

8.0 

10.0 

1.0 

2.2 

3.5 

3.4 

6.0 

5.8 

s.5 

12.0 

1.5 

2.4 

4.0 

:;.s 

6.5 

6.5 

:».o 

16.(1 

2.0 

2.6 

4.5 

4.2 

7.0 

7.4 

io.o 

20.0 

This  table  was  derived  graphically  from  the  6.s  stars  for 
which  measures  existed  by  both  methods.  The  resulting 
curve  seemed  to  indicate  that  the  zeros  of  the  two  scales  do 
not  correspond.  Different  interpretations  may  be  placed 
upon  this  fact,  and  there  is  consequently  much  uncertainty  as 
to  the  real  relation  of  the  two  scales  near  this  end.  As  the 
chart  cannot  be  reproduced  here,  I  give  instead  the  means, 
in  groups  of  five  stars  each,  of  both  sets  of  measures,  after 
they  had  been  arranged  in  order  of  the  decimal-scale  esti- 
mates. The  column  0  contains,  as  before,  the  values  of  B 
reduced  to  the  scale  of  A  ;  and  the  last  column  is  the  differ- 
ence between  the  mean  values  of  the  groups  by  both  methods. 
Stars  ABC  A—C 

5  0.36  1.32  0.00  +0.36 

5  0,88  2.88  2.70  —1.82 

5  1.30  2.32  1.25  +0.05 


Stars 

5 

5 
5 
5 
5 
5 
5 
5 
5 
4 
4 


.4 

1.82 

2.54 

2.16 

2.60 

2.74 

3.00 

3.16 

3.14 

."..52 

2.92 

1.16 

4.04 

L86 

4.68 

5.78 

5.62 

6.50 

6.40 

7.35 

10.25 

9.10 

14.12 

c 

1.90 
2.12 
2.90 

3.14 

•J. HO 

1.28 

1.95 

5.82 
6.42 
8.05 

s.so 


A—C 

—0.08 

1-0.04 

—0.16 

+  0.02 
+  0.72 
—0.12 
—0.0'.) 
—0.04 
+  0.0* 
—0.70 
+  0.30 


One  important  point  to  investigate  is  the  effect  of  the 
brightness  of  the  star  upon  the  estimate  of  its  color.  The 
lower  limit  of  visibility  of  the  telescope  was  about  18";  the 
objects  observed  were  generally  between  7M  and  !+'.  rarely 
outside  the  limits  6M  and  11M.  From  the  known  influence  of 
brightness  upon  color-impressions,  it  was  natural  to  expect 
that  the  estimates  would  betray  a  decided  depeudence  upon 
magnitude.  Careful  study  fails  to  reveal  it.  however.  Thus, 
taking  all  the  distinctly  red  variables  which  were  observed 
over  a  considerable  range  of  brightness,  and  forming  sepa- 
rate means  of  the  scale-estimates  near  the  upper  and  lower 
limits  of  this  range,  we  have  the  following  results. 


Bri 

ghtness 

Redness 

Dirt'. 

T  Cassiopeae 

8*3 

-  10*5 

7.0  -   7.0 

o.o 

11  Aurigae 

8.8 

-  11.2 

6.0  -  6.0 

0.0 

R   Lin, lis 

6.2 

-     9.2 

7.4    -   6.0 

+  1.4 

V  <  'iifDime 

7.7 

-     lb 1 

5.3  -  5.7 

—0.4 

V  Ojilti mlt i 

7.9 

-     9.7 

7.0  -  6.4 

+  0.6 

S  Herculis 

7.0 

-     9.3 

i. 5  -  6.0 

—  1.5 

R  C mini 

7.6 

-     9.0 

6.0  -   6.5 

—0.5 

\   Gygni 

5.7 

-     8.2 

7.0  -  6.0 

+  1.0 

U  ( 'ijijui 

8.1 

-    11.0 

9.0  -  9.0 

0.0 

V  Cygni 

8.5 

-  11.2 

8.3  -  8.0 

+  0.3 

T  Cephei 

6.6 

-     s.7 

5.9  -  6.7 

—0.8 

S  <  'epJiei 

8.3 

-     9..S 

9.8  -  8.3 

+  1.5 

R  Aquarii 

6.7 

-     9.6 

4.6  -  4.3 

+  0.3 

R  Cassiopeae 

6.4 

-     9.7 

6.3  -  7.5 

—  1.2 

Average 

7.4 

-     9.7 

6.72  -  6.67 

+  0.05 

From  this  it  will  seen  that  the  effect  of  brightness  upon 
the  scale-estimates  is  not  perceptible,  at  least  within  the 
range  of  2M.3  from  7M.4  to  9M.7:  the  mean  difference  being 
only  +0.05.  with  a  probable  error  of  ±0.16.  Similarly 
treated,  the  ■'relative-diminution"  estimates  gave,  from 
seven  stars,  +0.39,  with  a  probable  error  of  ±0.43.  We 
may  fairly  infer,  therefore,  that  there  is  little  reason  to  fear 
serious  systematic  error  of  the  sort  in  question. 

It  is  interesting  to  compare  the  above  results  with  those 
of  Schmidt  (A.N.  1897,  1902  and  2236).  For  a  reduction  of 
his  estimates  in  the  finder  to  those  in  the  refractor,  we  might 
use  the  numbers  given  by  him,  from  which  I  find  the  relation 
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ratal. 
No. 


107 
112 
114 
432 
434 
513 
782 
806 
814 
845 
976 
1222 
1577 
1582 
1717 
1761 
1771 
1855 
1923 
1944 
2266 
2478 
2528 
2539 
2625 
2684 
27:'..". 
2780 
2815 
2857 
2946 
2976 
3060 
3170 
:;i,sr, 
31  SI 
3477 
3493 
3567 
3825 
3934 
3994 
4315 
4377 
14(17 
4492 
4511 
4521 
4557 
4596 
4805 
4816 
4826 
4847 


Star 


T  Cassiopeae 
R  Andromedae 
S  Geli 

S  Cassiopeae 
S  Piscium 
R  Piscium 
R  Arietis 
o    Ceti 
S  Perse i 
R  Celi 
T  Arietis 
R  Persei 
R  Tauri 
S  Tauri 

V  Tauri 
R  Orion  is 
R  Leporis 
R  Aurigae 
S  Aurigae 
S  Orionis 
VMonocerotis 
R  Lyncis 

H  Oeminorum 
R  Cams  minoris 
I'  Oeminorum 
S  <  \ I  nis  hi  in i iris 
I '  <  'miis  minoris 

V  Oeminorum 
I '  Oeminorum 
UPuppis 

R  Cancri 

V  Cancri 
I '  ( 'ancri 
S  Hydra* 
T  Cancri 
THydrai 

It  I.i  onis  minoris 
R  L<  onis 

V Leon  is 

R  Ursae  Mil  juris 

R  ( 'ruteris 

S  Leonis 

R  Comae 

T  Virginis 

R  Com' 

V  Virginis 

T  Ursae  Ma  juris 
R  Virginis 
S  Ursae  Majoris 
!'  Vinjiiiis 
W  Virginis 

V  Virginis 
R  Hydrae 
S  Virginis 


Scale-Est. 
No.     A 


liel.-Dini.  Est. 
No.    B        C 


All 
No.  Mean 


6 

7,3 

16 

5.4 

6 

3.9 

4.1 

1 

2.0 

,   , 

3 

6  7 

3 

1  0 

7 

1.9 

1 

3.0 

3.0 

5 

1.4 

6 

2.7 

2.2 

10 

6.0 

4 

5.4 

5.7  ! 

1 

5  0 

5 

1.9 

4 

3.0 

3.0 

11 

3.8 

3 

2.2 

1.0 

5 

2.0 

6 

2.8 

2.5 

6 

4.5 

4 

2.5 

.  . 

7 

3.4 

2 

3.0 

3.0 

1 

4.0 

2 

5.0 

5.3 

9 

9.7 

4 

15.3 

8.9 

5 

6.1 

5 

7.0 

6.8 

3 

6.7 

3 

fi  4 

s 

3.3 

8 

3.3 

3.4 

11 

4..". 

9 

4.s 

."..1 

3 

5.7 

2 

.". . .". 

5.7 

16 

5.6 

7 

4.9 

5.2 

9 

2.7 

2 

3.3 

3.4 

12 

4.2 

8 

3.7 

3.9 

5 

5.1 

m 

1 

3  ; 

1 

3.0 

3.0 

3 

0.0 

1 

0.0 

0.0 

4 

3.? 

8 

5.0 

2 

6.7 

6.7 

12 

4.0 

7 

4.2 

4.5 

■> 

1.0 

3 

3.2 

3.2 

9 

2.0 

3 

2.7 

2.3 

13 

7.2 

4 

9.5 

7.8 

9 

1.6 

7 

2.6 

2.0 

2 

6.0 

t 

12 

7.1 

6 

6.5 

6.5 

2 

1.7 
1.6 

3 

10 

2.5 

1.7 

9 

8.6 

4 

7.5 

7.1 

4 

0.0 

1 

2.0 

ii.d 

1 

4.0 

1 

4.0 

1 

4.0 

1.2 

8 

4.4 

7 

3.0 

3.0 

1 

3.0 

1 

4.0 

1.2 

11 

2.0 

7 

2.6 

2.0 

9 

0.9 

2 

3.0 

3.0 

13 

3.0 

6 

3.4 

3.5 

10 

1.9 

7 

1.8 

0.0 

4 

0.5 

1 

0.0 

(1.0 

4 

0.9 

3 

4.7 

5.0 

3 

5.8 

3 

5.7 

5.9 

10 

3.0 

7 

2.6 

2.0 

6 

7.3 

5157 

22 

5.0 

5194 

1 

2.0 

5190 

3 

6.7 

5237 

3 

1.0 

5338 

18 

2.0 

5484 

1 

1.8 

5494 

14 

5.9 

5501 

1 

5.0 

5504 

9 

2.4 

5617 

14 

3.2 

5667 

11 

2.3 

5677 

6 

4.5 

5675 

4 

2.5 

5770 

9 

3.3 

5830 

3 

4.9 

5856 

13 

9.4 

5887 

10 

C.5 

5889 

3 

6.7 

5948 

3 

6.4 

5!)  55 

16 

3.4 

5950 

20 

4.8 

6011 

5 

5.7 

6088 

23 

5.5 

6132 

11 

2.8 

6512 

20 

4.1 

6624 

5 

5.1 

6633 

■> 

3.0 

6636 

4 

0.0 

6726 

4 

3.2 

6849 

10 

5.3 

6903 

19 

4.3 

6905 

5 

2.3 

70  15 

12 

2.1 

7106 

17 

7.4 

7 1 20 

16 

1.8 

722(1 

•> 

6.0 

7242 

18 

6.9 

7257 

2 

1.7 

7261 

l.'l 

1.6 

7299 

13 

s.l 

7194 

5 

0.0 

7431 

1 

4.0 

7428 

2 

4.1 

7444 

15 

3.7 

7468 

2 

3.6 

7560 

18 

2.0 

7609 

11 

1.3 

7779 

19 

3.2 

7803 

17 

1.1 

8153 

5 

0.4 

8230 

7 

2.7 

8373 

6 

5.9 

8512 

17 

2.6 

8600 

Catal. 

No. 


Star 


Scale-Est. 
No.     A 


S  Bootis 

VBootis 

R  Camelopardalm 

R  Bootis 

U  Bootis 

UCoronae 

S  Librae 

S  Si-rjii'iitis 

S  Coronae 

U  Librae 

R  ( 'oronae 

R  Serpentis 

V  Coronae 
R  Herculis 
h'  Scorpii 
WOphiuchi 

V  Ophiuchi 
U  Herculis 

R  Ursae  minoris 
R  Draconitt 
W Herculis 
S  Herculis 

V  Herculis 
R  Ophiuchi 
T  Herculis 
T  Serpentis 

V  Sagittarii 
U  Sagittarii 
T  Aquilae 
R  Aquilae 
T  Sagittarii 
R  Sagittarii 
R  Cygni 

S  Vulpeculiir 
\  Cygni 

S   <  'i/i/i,  i 

S  Aquilae 

I!  Sngittae 
R  Delphi n i 
U Cygni 
R  Cephei 
S  Delphi ni 

V  Cygni 

T  Delphi, i i 
T  Aquarii 
R  Vulpeculae 
T  ( 'ephei 
S  Cephei 
a  <  'ephei 
R  Lacertae 
S  Aquarii 
S  Pegasi 
R  Aquarii 
S  Cassiopeae 


9 
1 
4 
10 
4 
1 
3 
4 
2 
2 
6 
12 
9 
1 
2 
1 

9 
4 
11 
12 
6 
7 
1 

7 
8 
1 

6 

4 

6 

8 

2 

3 

11 

11 

10 

1 

4 

!) 

3 

10 

3 

3 

9 

2 

4 

3 

11 

12 

1 

6 

1 

8 

10 

17 


3.1 
3.0 
3.2 
3.4 
2.4 
0.0 
3.0 


4 
5 
3 
0 
3 
5 
2 

0.0 
3.0 
6.5 
6.5 
3.1 
2.4 
2.7 
5.6 
1.0 
4.3 
1.6 
2.0 
0.7 
3.7 
3.3 
5.5 
6.5 
3.6 


6.1 
3.4 
6.8 
5.0 
1.0 
1.0 
4.0 
9.0 
0.7 
6.0 
8.1 
2.0 
1.5 
0.6 
6.2 
9.2 
7.0 
2.0 
4.0 
1.8 
4.2 
6.7 


Rel.-Dim.  Est. 
No.    B        C 


2.5 
4.0 
1.5 
2.5 
3.2 


2.4 
4.2 
0.0 
1.5 
3.2 


All 
No.  Mean 


2  3.0  3.0 
5  3.9  4.2 
1  4.5  4.8 

3  3.2  3.3 


7     3.8     4.0 

2     7.0     6.8 


2     2.5      1.7 

2     8.0     7.3 


1  4.0  1.2 
7  2.3  1 .3 
7     3.6     3.7 


6      1.4     4.7 
4     2.2      1.0 


1      2.0     0.0 


5.3 
2.3 

5.0 
5.0 
2.0 
2.0 


5.6 
1.3 
5.3 

5.3 

0.0 
0.0 


5  20.0  10.0 
1      1.0     0.0 

1   20.0  10.0 


1.5 
3.1 
6.4 
15.5 
5.0 
■>  ■> 


0.0 
3.1 
6.4 

8.9 
:,.:) 
l.o 


2.4  1.5 
4.2  4.5 
5.7     5.9 


16 
•; 

6 

16 

7 
1 
5 
9 
3 
5 
6 

19 

11 
1 
4 
1 

11 
1 

12 

1!) 

13 

7 

1 

13 

12 

1 

7 

4 

6 

8 

2 

3 

15 

u 

12 

9 


11 

3 
1.". 
■1 
3 
10 
2 
5 


16 

16 

■> 

8 

1 

13 

13 

24 


2.8 
3.6 
2.1 
2.7 
2.7 
0.0 
3.0 
4.1 
4.9 
3.4 
0.5 
3.7 
5.9 
2.0 
0.9 
3.0 
6.6 
6.5 
3.2 
2.0 
3.2 
5.6 
1.0 
4.5 
1.4 
2.0 
0.6 
3.7 
3.3 
5.5 
6.5 
3.6 
6.0 
3.0 
6.5 
5.1 
0.8 
0.8 
4.0 
9.3 
0.5 
6.0 
8.3 
2.0 
1.2 
2.0 
6.3 
9.1 
6.2 
1.8 
4.0 
1.7 
4.3 
6.5 


R  =  1.17  S  — 1.5.  But  these  numbers  were  deduced  very 
largely  from  bright  stars.  I  have  preferred,  therefore, 
to  use  a  relation  derived  entirely  from  the  color-estimates 
upon  the  variables  themselves,  namely,  R  =  1.22  .S  — 1.0. 
Combining  his  two  sets  of  estimates,  reduced  to  the  scale  of 
the  refractor  by  this  relation,  and  with  regard  to  the  number  I 


of  observations,  we  have  for  the  stars  common  to  Schmidt's 
and  my  series,  and  of  which  there  are  more  than  one  obser- 
vation, the  values  headed  by  the  observers'  names  below. 

It  is  evident  that  the  relation  between  the  two  scales  is 
not  a  linear  one.  A  unit  of  my  scale  near  the  least  re- 
frangible portions  corresponds  to  much  less  than  a  unit  of 
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S<  hmii.i's.  while  the  reverse  is  true  near  the  other  end.  In 
the  column  of  ••  Reduced"  values  are  placed  Schmidt's  esti- 
mates converted  to  my  scale  by  the  expression, 

C  =  3.1  —1.8  S  +0.3  S-: 

arbitrarily  modified,  however,  by  taking,  for  all  values  of  S 
le-s  thau  3.0,  the  reduced  value  0.4.  The  last  (-(11111111)  gives 
the  differences  of  the  two  sets  of  estimates.  Ignoring  the 
difference  in  the  number  of  observations,  the  probable  error 
of  tin'  difference  between  two  observers,  for  :i  single  star, 
is  ±0.7.".  ;  and  that  for  the  estimate  by  one  observer  is 
±0.51.  But  a  trustworthy  determination  of  this  quantity 
would  require  much  more  data. 


Star 

Schmidt 

Reduced 

(  IlIANDLE] 

S—C 

A'  Leporis 

7.89 

7.G 

9.4 

—  1.8 

R  Leonis 

7.65 

6.9 

6  !l 

0.0 

\   Gygni 

7.42 

1;.:; 

6.5 

—0.2 

■   <  'epkt  i 

8.30 

s.s 

6.2 

+  2.6 

R  Gygni 

7.40 

6.2 

6.0 

+  0.2 

I!  Hydrae 

7.40 

6.2 

5.9 

+  0.3 

0  Ceti 

6.93 

."1.0 

5.9 

—0.9 

I!  1  'ancri 

7. .V.l 

6.7 

5.3 

+  1.4 

s  <  'oronai 

6.68 

4.5 

t.9 

—0.4 

1!  Aquarii 

6.63 

1.1 

4.3 

+  0.1 

R  Serpentis 

5.60 

2.4 

;;.7 

—  1.3 

11    Jin, ,  /is 

5.80 

1.8 

2.7 

—0.9 

R  Herculis 

6.50 

4.0 

2.0 

+  2.0 

R  Ursae  Maj 

(,.■2?, 

."  ."1 

l.d 

+  1.9 

R  Virginia 

5.23 

1.9 

1.3 

+  0.6 

R  Com, an 

3.90 

0.6 

0.5 

+  0.1 

1!  <  ',/,!,,  , 

."..25 

0.4 

0.5 

—0.1 

W  Virginia 

2.(37 

0.4 

0.4 

0.0 

U  <  'oronoe 

2.28 

0.4 

0.0 

+  0.4 

One  important  aim  in  undertaking  the  series  of  observa- 
tions given  in  this  article  was  the  investigation  of  the  inter- 
esting connection  which  appears  to  subsist  between  the  color 
of  the  variables  and  their  periods.  The  existence  of  such  a 
relation  was  pointed  out  first  by  Schmidt,  and  shortly  after- 
wards independently  by  the  writer;  but  the  material  by 
which  it  was  sought  to  establish  the  fact  was  meagre  and 
unsatisfactory.  The  present  series  of  color-determinations 
goes  far  to  remedy  these  defects.  Arranging  all  the  periodi- 
cal variables  on  page  139  in  order  of  the  periods  assigned  in 
my  Catalogue,  and  taking  the  average  period  and  color  in 
groups,  we  have  the  following  table. 


Number 

Period  of  (. 

roup 

Mean  Redness 

Star 

1  (His. 

Limits 

Mean 

A 

B 

4 

12 

<i                   .1 
607.5  -    182 

d 

517.6 

7.3 

7.s 

4 

44 

461.3  -  436.1 

149.8 

8.1 

S.4 

4 

52 

429       -    116 

123. 1 

6.8 

6.7 

1 

11 

411.2  -   106.0 

408.4 

1.7 

5.2 

1 

51 

:is7.1   -  380 

383.6 

5 .  ."> 

."..2 

1 

26 

378.8      :;7:;.:. 

376.1 

3.9 

3.1 

4 

is 

370.5  -  360.6 

364.6 

4.7 

4.7 

4 

IS 

359.5  -  352.3 

355.6 

5.1 

l.s 

4 

33 

346      -  :;:; T.r. 

342.5 

3.6 

4.5 

4 

34 

337      -  331.3 

333.5 

3.8 

4.4 

4 

28 

331       -  324 

325.2 

."..1 

1.0 

4 

is 

324       -   318.4 

322.0 

3.1 

3.:; 

4 

.".1 

317.5  -  312.9 

315.6 

3.7. 

4.0 

4 

35 

310      -  305.4 

307.9 

4.2 

4.1 

3 

34 

305.2  -  289.4 

2:1:1.0 

2.9 

2.9 

1 

20 

288.7  -  280 

2*.",.  2 

."..0 

3.2 

1 

31 

27'J..".  -  272.3 

2  7(1.1 

3.9 

3.2 

4 

30 

271.5  -  266.5 

269.4 

3.4 

3.4 

4 

56 

257.2  -  245.9 

2 .".2.  7 

2.2 

2.1 

4 

:,ii 

224.5  -  210.4 

22H.7 

2.3 

2.7 

4 

29 

210       -    1:il'..". 

20;:.  2 

2.2 

1.6 

4 

■;■>' 

186.7  -   169.2 

17.S.7 

2.0 

2.1 

5 

11 

167.9  -  136.9 

153.0 

1.6 

l.s 

5 

38 

86.3  -       6.7 

49.7 

1.6 

l.s 

The  mean  redness  is  stated  above  in  two  ways ;  .4.  giv- 
ing equal  weights  to  each  star  ;  B,  giving  weights  according 
to  the  number  of  observations.  Whichever  method  is  chosen, 
the  general  progression  of  the  results  is  remarkable,  and  can- 
not be  interpreted  as  fortuitous  merely.  Besides,  many  of 
the  variables  not  included  in  this  series  clearly  conform  to 
the  same  law.  Thus,  all  the  short-period  variables  of  the 
rt  Aquilae  type  are  colorless,  or  nearly  so  :  with  the  single 
exception  of  V  Sagittarii,  which  is  orange.  The  lightof  all  the 
Ahjol  type  variables,  also,  isstrikingly  white,  to  my  eyeatleast. 

In  conclusion.  I  think  it  may  be  regarded  as  established 
that  the  redness  of  the  variable  stars  is.  in  general,  a 
function  of  the  length  of  their  periods  of  light-variation. 
The  redder  the  tint,  the  longer  the  period.  It  is  needless  to 
point  out  the  significance  of  this  association  of  two  sets  of 
phenomena,  relating  in  all  probability,  one  to  the  dynamics 
of  the  star,  the  other  to  the  chemical  condition  of  its  photo- 
sphere. Its  importance  as  a  touchstone  for  hypotheses  in 
regard  to  the  causes  of  stellar  variability  is  evident. 


ELEMENTS   OF   COMET    1888/; 

Bv  Rev.  GEORGE  M.  SEARLE. 
1   have  computed    the  following  elements  for   the   comet  i        The  middle  place  is  represented  as  follows.  (O — C) 

J).  =  —  2"  Jp=+1" 


1888/  from    the  observations   at   the    Lick  Observatory  on 
Nov.  1  and  11,  with  the  one  made  at  Washington  on  Nov.  21. 

T  =  1888  Sept.  13.0164  Greenw.  M.T. 

&   =  137°  36'  20" 

o   =  291       3    26    J-Eq.  1S8S.0 
i  —     56    24    34 

log  q  =  0.185607 


These  .elements   represent    a    rough  observation,    which   1 
obtained  this  morning  within  about  6*  in  «.  and  0'.5  in  8. 

New  York,  1888  De,\  7. 


N'    186, 
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NEW  DOUBLE   STARS, 


DISCO V  K  K  R  1>       A  1        I'll  E       I.  1  C  li       0  B 

By  S.   W.   BURNHAM. 
[Communicated  By  the  Director.  | 

Tlie  following  new  double  stars  have  been  found  and 
measured  at  the  Lick  Observatory  in  the  last  three  mouths. 
Stars  only  partially  measured  are  reserved  for  a  future  list. 
The  36  and  12-inch  refractors  have  both  been  used  in  this 
work.  When  not  otherwise  stated  in  the  notes  to  the 
measures,  the  stars  were  discovered  with  the  12-iuch.  The 
instrument  used  in  making  the  measures  is  given  in  the  last 
column. 


I   R  \    \  I  <i  i:  \ 


R.A.  =  u" 


1888  733 
.736 
.785 

.796 


326.0 

338.9 
322.0 
331.7 


Lai.  58. 
48  -.        Decl 

0..M 
0.43 
0.50 


+■->-' 


8 
8 
8 
8.5 


9 
8.5 

9 

9 


12 
12 
12 
12 


1888.76  329.6         0.48         8.1  .    .  8.9 

This  star  is  7*'  in  Lai.,  anil  6M.5  in  DM. 

W.l!.  (),  200  =  DM.  (20)   15. 


K.A.  =  01'  8™  41  . 


Decl.  =  +20°  50' 


l.S.NK.Si;, 

187.3 

1.60 

7 

.     10 

36 

.821 

186.1 

1.57 

7.5  . 

.  10.5 

12 

.832 

187.1 

1.41 

7 

.  10.5 

12 

1888.32  186.8         1.54 

Discovered  with  the  36-inch. 


7.2 


10.3 


R.A. 


Y  Cassiojn  ae. 

ii"  48"' 50s.  Decl. 


+60°  r 


DSN.s.668 

255.0 

2.17 

.     11 

36 

.671 

255.2 

2.13 

a  6 

.678 

254.7 

2.03 

.     11 

36 

.681 

257.5 

2.33 

.11.5 

12 

.695 

254.9 

2.26 

.     11 

36 

.733 

258.0 

2.17 

.     11 

12 

1888.69 

255.9 

2.18 

.     11 

Discovered  with  the  36-inch. 


The  following  measures  were   made  of   the  distant  com- 
panion (ff  499)  : 


1888.678         348.8       52.53 
.695         348.4       52.35 


14 
13 


36 
36 


The  two  sets  of  measures  of  this  star  indicate  no  change  : 


1878.80  348.6       52.27 

1888.69  348.6       52.44 


in 

2// 


R.A.  =  1" 


£  Piscium. 

27-.  Decl. 

B  and  C. 

n 


+6°  56' 


1888.681 

244.0 

0.98 

.  11.5 

12 

.695 

248.2 

0.91 

.     10 

12 

.71  1 

254.7 

0.88 

.  11.5 

12 

.720 

247.1 

0.94 

.  ll.fi 

12 

.733 

249.6 

0.96 

.    11 

12 

1888.71 

248.7 

0.93 

.     11 

1888.681 
.695 
.698 
.714 

.7:;:; 


A  and  B  (!'■  100) 


63.4 
64.0 
63.1 
63.5 
63.6 


23.75 

23.86 
23.91 
23.61 
23.48 


12 

12 
12 
12 
12 


1888.71 


63.5       23.72 


Relatively  fixed,  but  common  proper-motion.      _  found 
1832.83  63.7       23.46 

W.l!.  III.     5. 


R.A. 

=  ;;"  3"'  17 

Dec 

1.  =  4-21      17'. 

1888.821 

162.1 

0.61 

8    .    .    8 

12 

.832 

168.3 

0.63 

8.5  .    .  8.5 

12 

.835 

it;:;.;; 

0.47 

8.6  .    .  8.6 

12 

1888.83 


164.6 


0.58 


8.4 


8.4 


Discovered  with  the  36-inch 


n.  Tauri. 

R.A.  =  I11  29n>  2-.         Decl.  =  +  16°  16' 

\   \ni>  B  (=/3550). 

1888.813          110.0       30.88                .    . 

36 

.835          109.0       30.91                .    . 

36 

1888.82  109.5       30.90 

A  and  C  (=  2'.  2  App.  II). 

1888.772  35.7  116.98 
.813  34.5  116.88 
.832     34.5  116.86 


36 
36 
12 


1888.81 

1888.772 
.813 
.835 


34.9 

286X) 
279.5 
277.7 


116.91 

C  AND  D. 

// 

3.02 
2.00 
2.00 


.  12 
.  12 
.  12 


36 
36 
36 


1888.81 


281.1 


2.34 


12 


The   faint   star   near    the  old  companion   was    found   with   the 
36-inch. 
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<r  Orion  is. 

R.A.  =  ,V<  32,n  43s.        Decl.  =  —2°  40' 

A   and   B. 


1888.775 

358.3 

0.18 

4  . 

.  6 

.813 

356.2 

0.27 

4  . 

.  6 

.818 

.-,56.4 

0.27 

.832 

357.1 

0.32 

• 

12 
36 
36 
36 


lsss  M 


357.0 


0.26 


AB  ani>  ('     2".  762). 


1888.832 

236.7 

11.04 

.832 

236.8 

11.42 

.851 

237.9 

11.24 

12 
36 
12 


l.sss.sj 


18s,s.s32 
.832 
.851 


237.1        11.23 

AB  and  1)  (>'.  762). 

83.9  12.90 
83.2  12.97 
S2.8       12.66 


12 
36 
12 


l.sss.,s4 


83.3        12.84 

AB    AND    E. 

60°.  5        11.  is 


1888.851 
No  change  in  the  old  companions. 


12 


1831.42  236.5        11.00 

1831.20  84.5       12.86 

The  close  pair  is  difficult   with  the  12- inch,  with  which  it    was 
discovered. 

!•-  Sagittarii. 

R.A.  =  18*  47  .".I ■".     Decl.  =  —22    49'. 


1888.681  104. o         1.37 

Discovered  with  the  36-inch. 


5A  .    .11 


F.  7  Aquarii. 
R.A.  =20'  50'     25s.         Decl.  =  — 10°  9' 


1888.600         164.6         1.90 
.613         168.1  2.03 

Mt.  Hamilton.  1888  Nov.  15. 


13 
12 


12 


12 

12 


1888.714 

165.3 

tt 

2.21 

6  . 

.     11 

12 

.731 

162.9 

2.15 

6  . 

.  11.5 

12 

.733 

164.0 

2.18 

6  . 

.     11 

12 

1888.68  165.0 

Found  with  the  36-inch. 


2.09 


11.7 


B.A. 


B.A.C.  7422. 
21"  17'"  46».  Decl.  =  —26° 


1888.714 

199.2 

0.96 

8 

.  10.5 

12 

.733 

199.9 

1 .08 

8  . 

.    11 

12 

.777 

197.1 

1.10 

8  . 

.  10.5 

12 

1888.74 

198.7 

1.05 
Far.  9529. 

8 

.  10.7 

HA. 

=  21''  40'"  59*.         Decl.  =  - 

-17°  51' 

1888.675 

204.8 

ft 

4.62 

7.5 

.  11.5 

12 

.763 

204.4 

4.67 

8    . 

.    11 

12 

.777 

205.7 

4.30 

8.5  . 

.     11 

12 

18X8.74 


205.9 


1.53 


8 


11 


W.H.  XXII.  854 

R.A.  =  22'-  41 


DM.  (12°)  4888. 
Decl.  =  +12    22' 


1888.777 

226.6 

12 

.796 

221.9 

0.72 

8.5  . 

.  10.8 

12 

.832 

22s  2 

0.68 

8.5  . 

.  10.5 

12 

.835 

220.9 

0.58 

9     . 

.     11 

12 

1888.81 

224.1 

11.66 

8.7  . 

.   I".s 

The  preceding  star  of  a  wide  pair.     Pound  with  the  36-inch. 

DM.  (41)   issl. 
R.A.  =  23h  45m  31s.         Decl.  = +41    25'. 


1  888.68  1 

16"..", 

0.64 

8       . 

.       8 

12 

.7."'."' 

1 .",  7 . 5 

0.55 

8.5  . 

12 

.763 

154.9 

0.62 

8.3  . 

12 

1888.7:;  157.6  0.60 

Iii  DM.  6M.7,  but  7M.4  in  Radcliffe. 


8.3  .    .  8.3 


EPHEMERIS   OF   COMET   1888e  {BARNARD), 

By  LEWIS  BOSS. 


The  elements  of  this  couiet  published  in  No.  182  of  the 
Journal,  appear  to  be  still  sufficiently  exact  for  the  con- 
struction of  convenient  epliemerides.  1  therefore  transcribe 
there  the  elements  reduced  to  1889.0,  together  with  the  cor- 
rections necessary  to  reduce  them  to  lsss.ii. 


In  like  manner  the  heliocentric  coordinates  of  the  comet 
are  expressed  by  the  following  equations,  where  the  epoch 
for  the  quantities  is  L889.0,  and  the  quantities  following 
them  respectively  are  the  reductions  to  1888.0. 


1889  January  31.2269,  G.M.T. 

—  0".2 
—50  .4 

—  0  .5 


T  = 

to  =  340°  30'  28'\8 

Q,   =  357    26    43  .1 

i  =  166     22    11  .0 

log  q  =  0.258795 


x  =  r 

[9.999976 

+   0]  (r+    72°  59' 

27\0 

+    Is  .8) 

.'/  =  r 

"9.993569 

+   0]  (1+162    53 

11   .4 

+   46  .7) 

z  =  r 

"9.233374 

+  15]  (r  +  166    27 

27  .6 

+  116  .9) 

By  an  observation  at  Albany  Dec.  12.55.  Gr.  M.T..  the 
ephemeris  of  which  the  following  is  a  continuation  required 
the  corrections  :       J«  =  +P.3,  JS  =  +0'.S. 


N°  186. 
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1888-9 

App.  u 

App.  A 

log  /■ 

log  A 

Br. 

1888-9 

App.  « 

App.  8 

log  r 

log  A 

Br. 

Dec.  19.5 

h   in 

ii  50  36 

0      ' 

—7  tl.O 

0.27746 

0.1646 

7.7 

Jan.  9.5 

ll 

0 

in    a 

I  16 

—6°  47.7 

0.26381 

0.2904 

20.5 

0  47  21 

7  40.7 

0.27664 

0.1712 

10.5 

0 

3  28 

6  43.7 

0.26336 

0.2955 

21.5 

0  44  15 

7  40.li 

0.277)03 

0.177S 

11.5 

0 

2  13 

6  39.6 

0.26294 

0.3005 

22.5 

tl  41  16 

7  39.0 

0.27494 

0.1843 

12.5 

0 

1  1 

6  35.5 

0.26253 

0.3055 

4.3 

23.5 

n  38  25 

7  37.7 

0.27426 

0.1907 

7.0 

13.5 

23 

59  52 

6  31.4 

0.26215 

0.3103 

24.5 

0  35  to 

7  36.2 

0.27350 

0.1971 

14.7. 

23 

7.8  47 

6  27.2 

0.26178 

0.3150 

25.5 

0  33  3 

7  34.4 

0.27276 

0.2035 

15.5 

23 

7.7  4  1 

6  23.0 

0.26144 

0.3197 

26.5 

ii  30  32 

7  32.4 

0.27204 

0.2098 

16.5 

23 

56  44 

6  18.7 

0.26111 

0.3243 

4.0 

2  7 .  ."> 

0  28  8 

7  30.1 

0.27133 

0.2161 

6.3 

17.5 

23 

55  46 

6  11.4 

0.26081 

0.3288 

28.5 

ii  25  50 

7  27.6 

0.27064 

0.2223 

18.5 

23 

7.4  51 

6  10.0 

0. 26053 

0.3332 

29.5 

ii  23  37 

7  25.0 

0.26997 

0.2284 

19.5 

23 

53  58 

6  5.6 

0.26027 

0.3375 

.•in.:. 

0  21  30 

7  22.1' 

0.26932 

0.2345 

20.5 

23 

53  8 

6  1.1 

0.26003 

0.3418 

3.7 

31.5 

9  19  29 

7  19.3 

0.26868 

0.2405 

5.7 

21.5 

23 

52  20 

5  7.6.7 

0.25981 

0.3460 

Jan.  1.5 

ii  17  33 

7  16.3 

0.26806 

0.2464 

•J  2.7. 

23 

51  34 

5  52.2 

0.25961 

0.3501 

2.5 

0  15  42 

7  13.1 

0.26746 

0.27.22 

23.5 

23 

50  50 

5  47.7 

1 1.27.934 

0.3540 

3..'i 

0  13  56 

7  9.8 

0.26688 

0.2579 

24.5 

23 

50  8 

7,  43.1 

0.2592S 

0.3579 

3.5 

4.5 

0  12  14 

7  6.4 

0.26632 

0.2635 

5.2 

25.5 

23 

49  28 

:,  38.5 

0.27.!)  17. 

0.3617 

.">  .  7. 

0  10  36 

7  2.9 

0.26578 

0.2690 

■2i\.;< 

23 

18  50 

;.  33.9 

0.25903 

0.3654 

6.5 

0  9  3 

6  59.2 

0.26526 

0.274.". 

2  7 .  •". 

23 

48  13 

5  29.3 

0.27.894 

0.3691 

7.5 

(i  7  33 

6  .V>. 4 

il. ■.'6176 

0.2799 

28.7. 

23 

17  38 

—7.  24.6 

0.25887 

0.3727 

3.2 

8.5 

0  6  8 

—6  51.6 

0.26427 

0.2852 

4.7 

THE    PROBLEM    OF   ALIGNMENT, 

By  A.   HALL. 


Mr.   11.   P.  Tuttle  has   called   my   attention    to    this  olil 
method  of   determining  the   position  of  a    comet    from  the 

intersection  of  two  great  circles,  each  of  which  passes 
through  two  known  stars.  The  problem  of  finding  the  right- 
ascension  and  declination  of  the  comet  from  this  intersec- 
tion has  heen  solved  by  Pingrb  in  his  Cometographie,  Tome 
II,  p.  221.  This  question  can  be  solved  also,  and  in  a  very 
simple  manner,  by  means  of  the  formula  employed  by  <  i.uss, 
which  expresses  the  condition  that  three  points  on  the  sphere 


lie  on  a  great  circle.  Let  a,  8  be  the  right-ascension  and 
declination  of  the  comet,  and  denote  by  «,,  8,.  u.,  83,  «2,  82, 
ic,.  8,.  corresponding  quantities  for  the  stars.  By  the  Theo- 
rin  Motus,  Art.  113.  we  have 


tan  5 sin (a2 — iq)  +  tano"iSin(a- 
tan  3 sin (tt4 — «.,)  +  tan  &,sin(«- 


+  tan  iV,  sin(«, — «)=0 
+  tan  d4  sin(a3 — «)  =  0 


Equating  values  of  tan  "  and  reducing 


("tan  8,  sin  <«., — tan  So  sin  «,"]  siu(«, — a.)  +  [tan  8t  sin  «., — tan  8.  sin  aA  sin(«. 
tan   a  =  — 


[tan  8,  cos  a» — tan  &>  cos.«,]  sin(a4 — «.,)  +  [tan  8,  cos  «;j — tan  dx  cos  «4]  sin(«2 — aA 

When  «.  is  found,  either  of  the  original  equations  will  give  8. 
L888  December  1. 


NOTE   ON   THE   SATELLITE   OF   NEPTUNE, 

By  SIMON  NEWCOMB. 


Iu  No.  178  (Vol.  VIII,  p.  78)  of  the  Astronomical  Jour- 
nal, Professor  Hall  calls  attention  to  the  apparent  motion 
of  the  plane  of  the  orbit  of  this  satellite,  and  remarks  that 
it  cannot  be  accounted  for  by  any  known  cause.  There  is, 
however,  a  possible  and  not  improbable  cause  for  such  a 
motion,  namely,  the  ellipticity  of  the  planet.     If  the  plane 

Washington,  1888  December  2. 


of  the  orbit  does  not  coincide  with  the  equator  of  the  planet' 
such  a  motiou  would  be  the  necessary  result,  the  pole  of  the 
orbit  revolving  around  tiiat  of  the  planet  with  a  uniform 
motion.  By  observing  the  position  of  the  former  through  a 
considerable  fraction  of  a  revolution,  the  position  of  the  lat- 
ter can  thence  be  inferred. 


By  an  interesting  coincidence,  au  elaborate  article,  on  the  same  subject  and  fully  developing  the  same  view,  was  presented  to  the 
French  Academy  of  Sciences  by  Mr.  Tisserand,  on  Nov.   19.     The  number  of  the  Comptes  Rendu*  for  that  session  was,  however,  no 
received  here  until  Dec.  10.  G. 


Ill 
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OH  HIT   AND   EPHEMERIS   OF   THE   COMET   1888/  (BARNARD), 

I'.v  .1.  M.  SCHAjEBERLE,  Astronomer  of  the  Lick  Observatory. 
[Communicated  by  the  Director.] 


From  Mr.  Barnard's  observations  <it'  Oct.  31,  Nov.  2, 
and  Nov.  4.  1  have  computed  the  following  orbit  and  ephein- 
eris  of  this  cornel  : 


T 


Sept.  9.4475 
z   267°     9'. 9  \ 
Q    =   137    52.0     Apparent  equinox 
i  =     45     52  .6  ) 
log  q  =   0.04984 

Middle  place  (().— C.) 
J),  cos  .•;  =  — 0'.2  Jo  =    +0'.2 

Helioc.  coordinates  ; 

.-•  =  r  [9.94271]  sin(144°  bV.7+v) 
y  =r  [9.99009]  sin(  48°  s'.5+r) 
z  =  c  [9.72089]  sin(297°  10'.5+i>) 

Assuming  that  the  above  orbit  is  approximately  correct,  I 


find  that  at  the  time  of  perihelion-passage  tin-  comet  was  in 
right-ascension  10'1  30m,  and  south  decl.  21°  44',  and  the 
brightness  less  than  twice  what  it  was  at  the  time  of  dis- 
covery. The  comet  will  continue  to  decrease  in  brightness, 
although  for  several  weeks  to  come  its  distance  from  the 
earth  will  keep  on  diminishing.  On  Dec.  5  and  Dec.  25  the 
computed  light  will  be  0.68  and  0.60  respectively,  that  for 
Nov.  3.5  being  unity. 

Ephemeris  for  ( iuEENwicH  Mean  Midnight. 


Dati 

R.  A. 

Decl. 

logj- 

log  A 

Br. 

Nov.    3.5 

7.5 

••       11.5 

"      15.5 

ll           Ml       ! 

9  48  12 

9  54  15 

9  59  20 

in    3  51 

—14  46.9 
—14     7.6 

—  13  25.9 

—  12    12.1 

0.1527 
0.1644 
0.1760 
0.1875 

0.1531 

0.1 533 
0.1527 
0.1  Ml 

1.00 
0.95 
0.90 
0.86 

RECENT  ASTEROIDS. 


In  no.  184  of  this  Journal,  p.  12*,  the  number  280  was 
assigned  to  the  asteroid  discovered  liy  Palisa  Oct.  31. 

But   in  a  subsequent  cornmunicatit f  Dr.  Palisa  to  the 

Astronomische  Nachrichten,  no.  2866.  he  announces  that,  on 
Oct.  29,  while  searching  for  Oppavia,  no.  255.  he  had  ob- 
sci  \  ed  a  small  planet.   13M.7. 

Oct.  29,  '.i'1  50"'  31!  Vienna  M.T. 
a  —  1"  59'"  56s.6  S  =  +1  7"  15'  55" 

Subsequent  observations  showed  its  daily  motion  to  lie 
— 54'  in  a  and  — 2'. 3  in  5;  while  that  of  no.  255  should,  ac- 
cording to  the  ephemeris.   be  — 58s   and   — 2'. 5.       No    tele- 


gram was  issued,  but  the  identity  of  the  two  now  appears 
scarcely  probable. 

A  later  observation  by  Palisa  gave 

Nov.  5,  8h  38™  34'  Vienna  M.T. 


1"  53'"  12  .0 


=  +16°  58'  59" 


In  case  this  asteroid  of  Oct.  29  was  not  no.  255.  it  will  of 
course  be  no.  280;  and  that  of  Oct.  31  will  thus  become  no. 
281.  But  it  will  evidently  be  well  to  wait  for  a  while  before 
definitely  assigning  the  number. 

The  system  of  numerical  notation  is  meeting  obstacles 
from  a  source  by  no  means  anticipated  at  the  beginning. 

<;. 


CORRIGENDA 


No.  185,  Observations  of  Comet  1888/. 

Page  133,  Nov 


I,  Wash.  M.T.-,  for      151'  31"'  54s.2 

Declination,    "    —15°    1'  37".0 

"     Nov.  11.  "  "   —13    20     0  .4 

Page  134,  Star  21,  "  "  —13   LM    23  .7 


put 


1(1"  31™  44". 3. 

15  1'  38".  0. 
—13  19  56  .9. 
—13    L»4     20  .2. 
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Elements  of  Comei   1888/,  by  Rev.  George  M.  Searle. 

New  Double  Stars  Discovered   m  the  Lick  Observatory,  by  Mr.  s.  W.  Burkham. 
Ephemeris  of  Comet  1888  e  (Barnard),  by  Prof.  Lewis  Boss. 
Tin:  Problem  of  Alignment,  by  Prof.  Asaph  Hall 
Note  i>n  the  Satellite  of  Neptune,  b\    Prof.  Simon  Newcomb. 
Orbit  and  Ephemeris  of  the  Comet  1888/,  (Barnard),  by  Mr.  J,  M.  Schaeberle. 
Recen  i  Asteroids. 
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OBSERVED  MAXIMA   AXD  MINIMA   OF   VARIABLE   STARS  IX  1888, 

By  PAUL  S.   YEN  DELL. 


A'  Ursae  Majoris. 

A  series  of  twenty-five  observations  of  I!  Ursae  Majoris, 
extending  from  Sept.  2  to  Dec.  2,  indicates  a  maximum  on 
Oct.  22.  When  first  observed,  its  brightness  was  estimated 
at  the  11th  magnitude,  from  which  it  increased  rapidly  and 
steadily,  until  it  reached  the  7th.  Its  decrease  was  rather 
sudden,  ii  being  from  Nov.  •">  to  7  of  the  8th  magnitude; 
from  the  latter  date  to  Nov.  20  there  were  indications  of  a 
marked  secondary  maximum,  the  star  on  the  20th  being  esti- 
mated at  7M.5.  But  cloudy  and  windy  weather  interfering 
with  observation  until  Nov.  28,  the  time  of  this  latter  phase 
could  not  be  ascertained  ;  on  the  28th  the  star  was  found  to 
have  fallen  to  =  DM.  +69°.584,  or  8M.3,  at  which  it  re- 
mained when  the  last  observation  was  made. 

V  IlercuJis. 

Observations  on  this  star  were  begun  July  11.  continuing 
until  Dec.  6,  and  amounting  in  number  to  56.  At  the  first 
observation  the  star  was  about  5M.2  in  my  estimation,  rising 
to  a  well-marked  maximum  July  2'.t.  when  its  magnitude  was 
2  steps  > p  Herculis,  or  3*.8.  From  this  time  until  Aug. 
22,  only  three  observations  were  secured  ;  these  indicate  a 
minimum  of  about  5M.2  at  the  latter  date,  after  which  it 
rose,  with  several  minor  fluctuations,  to  a  maximum  of  about 
•  V.'.i  on  or  about  Sept.  20  ;  the  indicated  curve  being  here  so 
flat  as  to  make  it  difficult  to  place  definitely  the  time  of  max- 
imum. From  Oct.  3  to  18,  the  star's  light  was  nearly 
stationary  at  4M.2,  after  which  time  it  increased  to  a  rather 
slightly  indicated  maximum  of  about  the  1th  magnitude  Oct. 
30,  falling  to  a  minimum  of  the  otb  magnitude  Nov.  11  ; 
since  which  time  it  has  risen,  at  first  sharply,  then  more 
gradually,  until  at  the  last  observation  the  star's  light  was 
about  =  4M. 

R  Scuti. 

When  first  observed,  June  11,  the  magnitude  of  Ii  Scuti 
was,  by  estimation,  6M.2  ;  it  increased  by  the  17th  to  about 
5M.6,  at  which  brightness  it  remained  marly  stationary  until 
July  12,  when  it  slowly  increased,  showing  a  faintly-marked 


maximum  July  24,  at  which  date  its  magnitude  was  about 
5N'.4  :  it  then  decreased  sharply  to  a  pretty  well  indicated 
minimum  of  about  6Mon  Aug.  6  ;  increased  again  quite  rapidly 
till  Aug.  23,  when  a  maximum  was  reached  at  the  5th  mag- 
nitude. Another  marked  minimum  at  6M.25  occurred  Sept. 
29,  followed  by  a  maximum  of  5th  magnitude  Nov.  4  ;  since 
then  the  star  has  steadily  declined  until  Dee.  6,  when  it  was 
about  5M.8.  At  this  date  observations  were  discontinued  on 
account  of  the  growing  moon  and  nearness  of  the  star  to  the 
sun.      In  all  71  observations  were  obtained. 

rt  Aquilae. 

Of  this  star  a  series  of  54  observations  was  obtained,  ex- 
tending from  June  11  to  Oct.  25.  Eleven  maxima  and 
twelve  minima  were  obtained  from  the  observations,  all, 
with  the  exception  of  the  last  five  minima,  by  the  use  of 
Pogson's  method  with  the  single  light-curves.  The  observed 
times,  with  their  weights  on  a  scale  of  5,  are  as  follows  : 


Maxima 

P 

Minima 

P 

888  June    12.  is 

4 

1888  June   17.08 

4 

27.1 

4 

July       7.25 

4.5 

July       4.0 

4 

14.85 

1.5 

10.55 

4 

2.",.  2 

4 

18.05 

4.5 

Aug.  27.38 

4 

25.26 

3.5 

Sept.     2.45 

4 

Aug.  25.33 

2 

11.1 

4 

30.25 

4 

24.3 

1 

Sept.    6.0 

4 

Oct       3.33 

1 

28.3 

4.5 

in.;; 

1 

Oct.    20.6 

4 

17.33 

1 

25.3 

1 

The  last  five  minima  are  indicated  by  single  observations 
at  a  light-value  near  that  of  the  average  minimum,  all  at  the 
beginning  and  end  of  single  light-curves,  with  the  exception 
of  that  on  Oct.  10.3,  which  is  followed  by  a  single  observa- 
tion on  the  11th,  showing  an  increase  in  light;  a  uominal 
weight  merely  has  been  assigned  them. 
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5  Sagittae. 
From  ninety-one  observations  of  this  star,  extending  from 
May  20  to  Dec.  2.  twelve  maxima  and  thirteen  minima  are 
deduced  by  the  use  of  Pogson's  method  ;  the  observed  times 
are  as  follows  : 


M  IX1MA 

P 

Minima 

P 

1888  June     4.4 

5 

1888  June     2.4 

2 

July      8.45 

4 

10.25 

5 

16.7 

2 

18.5 

5 

24.4 

3 

27.25 

4 

Maxima 

P 

Minima 

P 

1888  Aug.   28.45 

4 

1888  July     4.0 

3.5 

Sept.    5.33 

3.5 

12.25 

3.5 

30.0 

3 

30.4 

1 

Oct.     18.4 

4 

Aug.  24.38 

3 

24.25 

3 

Sept.    9.9 

3.5 

Nov.     2.4 

3 

27.4 

3 

12  4 

4 

Oct.  20.25 

3 

19.25 

2.5 

30.0 

1 

Nov.   17.1 

3 

Dorchester.  Muss.,  1888  December  10. 


ELLIPTIC  ELEMENTS  AND  EPHEMERIS   OF   COMET/  1888, 

By  Rev.  GEORGE  M.  SEARLE. 


On  December  13,  I  obtained  an  observation  of  this  comet, 
using  as  a  comparison-star  Arg.  Gen.  Cat.  14378  =  Lai. 
20443  ;  the  comet  preceding  by  59s.  1,  and  being  south  1'  52", 
Dec.  13,  22h  16"'  G.M.T.  The  comparison  of  my  elements, 
published  in  the  last  number  of  this  Journal,  with  this  obser- 
vation showing  a  discordance  of  nearly  1',  I  computed  a  new 
set  from  the  first  and  third  observations  used  for  the  former 
ones,  together  with  that  of  Dec.  13.     They  are  as  follows: 


T  =  Sept.  12.9983  G.M.T. 

Si   ==  137°  35'  16") 

43    'Equinox  1.SSS.0 
22   ) 


CO 

logq 


56  26 
291  4 
0.18571 


These  were  obtained  from  the  first  hypothesis  for  log  r, 
and  gave  Bt  =  — 0.00695,  apparently  indicating  a  hyper- 
bolic orbit,  corresponding  to  a  positive  O — C  in  /..  This 
value,  being  rather  small,  was  neglected  ;  but,  comparison 
of  the  orbit  with  the  middle  place  giving  J).  =  +26", 
Jp]  =  — 2",  it  seemed  worth  while  to  try  the  values  of 
Bj  and  B,  resulting  from  another  value  of  u  used  in  the  trial, 
as  a  change  of  log  v  would  apparently  produce  little  effect. 
The  values  obtained  were  S,  =  +0.00612,  B,  =  +0.00385, 
giving  for  the  coincidence  U,  =  B,  =  +0.00290.  The 
value  of  u  interpolated  to  correspond  gave  B,  =  +0.00288, 
and  the  following  elements  : 

T  =  Sept.  12.5709  G.M.T. 
Si  =    137°  29'   15") 
i  =     56     15      6    '  Equinox  1888.0 
to  =  290    28    46   ) 
logc/  =  0.182303 
<p  =  80°  39'  50" 
Period,  1231  years. 

Residuals  for  the  middle  place,  O — C  : 

J).  =  —1"     ,     Jp1  =  —2" 

The  mean  of  the  residuals  for  the  two  observations  made 
on  Nov.  11,  at  Washington  and  Lick,  gives,  for  the  parab- 
ola,    JA  =+15",    J/J= — 4";    for  the  ellipse,   J).  =  — 4", 


Jp1  =  — 5".  As  the  ellipse  represents  the  place  of  Nov.  21, 
while  the  parabola  gives  J).  ;=  +  26"  for  that  date,  the 
probability  of  the  former  is  considerable. 

The  following  are  the  equatorial  coordinate  equations  for 
the  parabola,  for  1889.0: 

a;  =   [9.917607]?-  sin[f+174°  17' 36"] 
y  =  [9.972553]  r  sin[w+   69    51    17] 
z  =  [9.818988]  r  siu[v+315      5   53  ] 
For  the  ellipse  they  are. 

x  =   [9.917675]  r  sin[u+173°  30'    6"] 
y  =   [9.973109] /•  sin[>+   69    13   46] 
2  =  [9.817751]r  sin[t'  +  314    37   36] 
The  following  ephemeris  has  been  computed,  for  Green- 
wich   midnight,    from    the    parabolic   formulas,    the    places 
being  referred  to  the  mean  equinox  of  1889.0. 


Date 

a 

S 

log  A 

Brightn 

Jan.     1 

h        in 

10  26 

s 

53 

c 

+  3 

12.5 

0.1520 

0.96 

2 

26 

33 

3 

42.7 

3 

26 

10 

4 

13.2 

4 

25 

46 

4 

44.0 

5 

25 

20 

5 

15.1 

0.1481 

0.94 

6 

24 

52 

5 

46.5 

7 

24 

22 

6 

18.3 

8 

23 

49 

6 

50.7 

9 

23 

14 

7 

23.5 

0.1454 

0.92 

10 

22 

38 

7 

56.3 

11 

22 

0 

8 

29.3 

12 

21 

20 

9 

2.5 

13 

20 

38 

9 

35.9 

0.1442 

0.90 

14 

19 

54 

10 

9.5 

15 

19 

8 

10 

43.3 

16 

18 

21 

11 

17.2 

17 

17 

32 

11 

51.1 

0.1446 

0.87 

18 

16 

42 

12 

25.2 

19 

15 

50 

12 

59.3 

20 

14 

56 

13 

33.3 

21 

10   14 

2 

+  14 

7.4 

0.1467 

0.83 
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The  unit  of  brightness  is  thai  of 

th 

■  Lick  observation  of 

J«                  J8 

Nov.  1. 

Jan.   13 

—  11              +1.8 

The  following  corrections  will  re 

duce  this  ephemeris  to 

17 

—13              +2.0 

that  resulting  from  the  ellipse  : 

21 

—16              +2.4 

J« 

J  8 

This  ephemeris  will 

be  continued  in  the  next  number,  as 

Jan.    1              —  6 

+  0.8 

the  comet  will  be  easil 

v  visible  in  large  telescopes  for  a  con- 

5             —  7 

+  1.0 

siderable  time.     On  M 

arch  1  the  brightness  will  be  0.38. 

9             —   9 

+  1.4 

New  York,  1888  December  25. 


The  mean  of  two  observations  by  Prof.  Boss,  Jan.  3,  is  represented  by  the  parabolic  ephemeris,  as  follows  : 

(O— C)      Ja  —  — ls.4         J<5  =  +  17" 
For  the  ellipse  the  discordance  is  decidedly  larger.  S. 


NOTE  ON  THE  PROBLEM  OF  ALIGNMENT, 

By  A.  HALL. 

It  has  been  pointed  out  to  me  that  Bessel,  in  an  article 
in  Bodf.'s  Jahrbuch,  1821,  p.  170,  employed  the  formula 
which  I  have  used  for  the  solution  of  this  question  ;  Astr. 
Jour.,  No.  186.  See  also  Engelmann's  Abhandlungen  con 
Bessel,  Baud  I,  p.  316.     Bessel  Introduces  several  auxiliary 

1888  December  24. 


quantities  for  easing  the  computation,  and  first  determines 
tan  [a — l(s — jc+<t — "'')]•  where  w  and  w'  are  auxiliaries. 
Mr.  G.  W.  Hill  suggests  that  it  might  be  better  to  solve  for 
tan  5  sin  «,  and  tan  8  cos  a. 


NOTE   ON   THE   EQUATION   OF   THE   MERIDIAN   TRANSIT   INSTRUMENT, 

By  S.  C.  CHANDLER. 


In  addition  to  Mayer's,  Bessel's  and  Hansen's  formulas, 
and  also  that  of  Gauss,  which  has  escaped  notice  in  the  text- 
books, a  fifth  form  of  this  equation  occurred  to  me  several 
years  ago,  which  may  be  worth  :i  few  lines  of  space  in  the 
Journal,  as  it  affords  a  very  brief  and  clear  method  for  the 
exposition  of  the  subject  to  students,  and  may  also,  from  its 
simplicity,  find  advantageous  practical  applications. 

If  the  line  joining  the  pivots  of  a  transit  instrument  be  not 
exactly  east  and  west,  a  line  perpendicular  to  it  will  describe 
a  great  circle  in  the  heavens  intersecting  the  meridian  at  a 
small  angle,  which  we  will  call  i.  Let  D  be  the  declination 
of  the  node  of  the  instrumental  circle  where  it  passes  the 
meridian  from  west  to  east.  Then,  for  the  declination  8  the 
distance  of  the  two  circles  will  be  i  sin  ( tS" — D) ,  and  the  dis- 
tance of  the  line  of  collimatiou  from  the  true  meridian  will 
be  i  sin (8 — D)  +  c,  or,  in  hour-angle,  this  quantity  mul- 
tiplied by  sec  8.     Consequently  we  have 

(1)  .  a  =  t  +  At  +  [i  sin(6'— Z>)+c-]  sec  8 

which  is  the  uew  form  of  the  equation  in  question. 

The  constants  in  this  formula  have  another  geometrical 
signification  than  that  described  above.  The  eye  being  sup- 
posed to  be  placed  at  the  east  pivot,  and  the  plane  of  pro- 
jection being  the  meridian  of  the  west  pivot,  i  is  the  apparent 
angular  distance  of  the  projection  of  the  west  pivot  from-that 


of  the  true  west  point,  and  D  is  the  corresponding  position- 
angle,  reckoned  from  the  north  through  the  zenith.  Hence 
we  have  the  relations, 

m  =  — i  sin  D  n  =  i  cos  D  (2) 

Introducing  this  value  of  v  into  (1),  we  have  still  auother 
form, 

a  =  t  +  Jt  +  w(tan  8—tanD)  +  c  sec  8  (3) 

which,  while  resembling  Hansen's  equation,  is  shorter  by  a 

term,  inasmuch  as  b  secy  is  included  in  tan  D. 

This  equation,  with  the  first  of  (2),  reduces  to  Bessel's 

form 

a  =  t  +  Jt  +  m  +  n  tan  8  +  c  sec  8 

By  simple  transformation  the  last  term  of  ( 1 )  becomes 

i  cos-D  tan  8  —  i  sin  D  +  c  sec  8  = 

c+feosZ)  .  ,  ,       ...   c — icosD  .  .  .    n 

-(secS+tano)  +       — (secS — tantf)  —  fsml? 

2  - 

Then  by 

tan  £p  -- 

where p  is  the  polar  distance  of  the  star,  and  also  by  putting, 
for  brevity,  C  —  J-(c  +  n),  and  T=  i(c — ?i)  equation  (1) 
is  converted  to 

a  =  t  +  Jt  +  m  +  C  cot  ij)  +  T  tan  A  /, 
which  is  Gauss's  form. 


2)  and  the  relations 
=  sec  8  —  tan  8       ;      cot  hp  =  sec  8  +  tan  8 
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ELEMENTS   OF   COMET/  1888  {Barnard), 

By  WILLIAM  C.  WINLOCK. 
[Communicated  by  Capt.  R.  L.  Phythiax,  Supt.  U.S.  Naval  Observatory.] 


The  elements  of  this  comet,  published  iu  No.  185  of  the 
Journal,  are  affected  by  au  error  iu  the  position  used  for 
Nov.  1,  due  to  errors  iu  the  observations  of  that  date,  as 
original];  published.  I  have,  therefore,  redetermined  the 
orbit  from  normal  places  of  Nov.  1  (eight  observations), 
and  Nov.  11  (two  observations),  and  single  Washington 
observations  of  Nov.   21,  Dec.   1   and   13. 

The  most  probable  parabolic  elemeuts,  from  these  five 
positions,   are  : 

T  =  1888  Sept.  12.91547  Greenw.  M.T. 
o)  =  290°  53'  10"  ) 
&   =  137    35    51    .'  1888.0 
i  =     5(5    21    17    ) 
log?  =  0.184750 

giving  the  residuals  (O— C)  for  the  several  dates. 

J/.  COS  (3  J  i 

Nov.     1  0.0  0.0 

11  +    1.8  —  5.0 

21  +   8.3  —  4.4 

Dec.     I  +15.3  —15.6 

13  0.0  0.0 

The  heliocentric  rectangular    coordinates  referred  to  the 
mean  equator  and  equinox  of  1888.0  are  as  follows  : 
x  =  [0.102550]  secHw  siu(v+174°    2'  54".4) 
y  =  [0.157500]  sec2|v  sin(v+   69    41    11  .6) 
z  =  [0.003035]  sec2^  sra(t>+814    57   18  .4) 

When  referred  to  1889.0,  they  become 

x  =  [0.102603]  sin2£i>  siu(r+174°  3' 35". 2) 
y  =  [0.157478]  siuHr  siu(r  +  69  41  51  .2) 
2  =   [0.002992]   sin2  ft-  sin(u+314    57      2  .6) 


Ephemeris  for  Greenwich 

Mean 

Midnight. 

1889 

a 

8 

logr 

log  A 

Br. 

Jan.    9 

10 

i        n 

23 

1         * 

13 

+    7   22. 't 

0.3435 

0.1452 

0.92 

11 

21 

58 

8  28.1 

13 

20 

36 

9  31.6 

3506 

1440 

90 

15 

19 

7 

10  41.9 

17 

17 

30 

11  49.6 

3577 

1444 

87 

19 

15 

48 

12  57.6 

21 

13 

59 

14     5.7 

3647 

1466 

83 

23 

12 

5 

15   13.6 

25 

10 

5 

16  21.1 

3717 

1506 

79 

27 

8 

1 

17  27.9 

29 

5 

54 

18  33.8 

3785 

1564 

75 

31 

3 

45 

19  38.6 

Feb.    2 

10 

1 

30 

20  42.2 

3854 

1640 

70 

4 

9 

59 

15 

21   44.2 

6 

56 

59 

22  44.5 

3921 

1734 

65 

8 

54 

43 

23  43.0 

10 

52 

27 

24  39.5 

3988 

1844 

60 

12 

50 

12 

25  33.9 

14 

47 

59 

26  26.1 

4054 

1968 

55 

16 

45 

48 

27   16.0 

18 

43 

40 

28     3.7 

4120 

2101 

50 

20 

41 

35 

28  49.1 

22 

39 

35 

29  32.1 

4184 

2250 

45 

24 

37 

40 

30  12.8 

26 

35 

49 

30  51.2 

0.4248 

0.2404 

0.41 

28 

9 

34 

4 

+  31   27.3 

Brightness  on  November  1  = 
Washington,  1888  Dec.  27. 


1. 


ECLIPSE   OF   THE   SUN   1889  JANUAKY  1. 

The  following  observations  of  the  time  of  first  contact  were  made  at  the  Naval  Observatory  : 


Observer. 

Instrument. 

Washington  M.T. 

of  first  contact. 

WlNLOCK 

TUTTLE 

9.6-inch  equatorial,  power  132 

Sextant  telescope.  12-iuch  focus,  power  16 

h             Dl               6 

4     28     32.8 
4     28     32.3 

NOTES. 
Wini.ock.     Time  recorded  on  chronograph.       Sun  about  2C  above  horizon,  limb  "boiling."      Actual  contact  probably  took  place 
a  second  earlier,  but  owing  to  the  unsteadiness  of  the  limb.  I  could  not  have  made  the  record  with  confidence  an  instant  sooner. 
Tuttle.     Time  from  mean-time  chronometer. 

R.   L.  Phythian,  Superintendent. 
Washington,  1889  January  2. 
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FILAK-MICROMETER  OBSERVATIONS  OF  COMET  e  1888  {BARNARD), 


MADE   AT   THE    HAVERFOKD   COLLEGE   OBSERVATORY, 

By   F.    P.    LEAVENWORTH   and   H.    V.    GUMMERE. 


1888  Haverford  M.T. 

* 

No. 

#- 

-* 

6/'s  apparent 

log  pA 

Obs. 

(  (imp. 

da 

jS 

a 

8 

for  a 

lor  f, 

d         h        m       a 

HI              S 

i    n 

h            111              s 

ii 

Oct.      3   15  57  34 

1 

10  ,  10 

+  2     6.57 

—1   21.4 

6  36  24.11 

+  8   13  42.0 

n9.304 

0.675 

L 

9   16   15  28 

2 

10  ,    9 

+  1      9.11 

—0     5.1 

6  28     1.75 

+  7  24  45.6 

n9.041 

0.678 

L 

17   17   13  42 

3 

4,    3 

+  2  25.96 

—0  33.8 

6   12     8.00 

+  6     5  31.7 

9.000 

0.692 

O 

28  14    3   r.> 

4 

13  ,    9 

—0     3.87 

—3  39.7 

5  38  47.57 

+  3  43   19.7 

M9.099 

0.718 

L 

Nov.     1    12  26  36 

5 

4  ,    - 

—4  18.23 

5  22  23.64 

«9.376 

L 

Mean  Places  for  1888.0  of  Comparison- Stars. 


* 

a 

Red.  to 

app.  place 

s 

Red.  id 
app.  place 

Authority 

1 

2 
3 

4 
5 

h       m        8 

6  34   16.ni 
6  26  50.93 
6     9  40.01 
5  38  49.17 
5  26  39.30 

+  1.°50 

+  1.71 
+  2.0.", 
+  2.27 
+  2.57 

o            I           II 

+  8   15     3.0 
+  7  24  50.1 
+  6     6     3.9 
+  3  46  56.7 

ii 
+  0.4 
+  0.6 
+  1.6 
+  2.7 

Weisse's  Bessel  VI,  979 
Harv.  X,  No.  59 
Schjellerup  2109 
i(W.B.V,  950+Z788) 
Paris  6404  and  Albany  1790 

The  places  of  comparison-stars  1,  3  and  4  were  kindly  furnished  by  Mr.  A.  S.  Flint.     No.  5  was  taken  directly  from  Astronomical 
Journal,  No.  185. 


EPHEMERIS   OF   COMET  e    1888    (BARNARD), 

By  LEWIS  BOSS. 
[Continued  from  No.   186.] 


1889  Gr.  M.T 

App.  a 

App.  8 

log  r 

log  A 

Light 

1889  Gr.  M 

T.        App.  u 

App.  d 

logr 

log  A 

Jan.  28 

23  17  38 

—5 

24.6 

0.2589 

0.3727 

3.2 

Feb. 

20 

h              111            S 

23  39  39 

—3  35.0 

0.2632 

0.4344 

29 

23  47     4 

5 

19.9 

0.2588 

0.3762 

21 

23  39  28 

3  30.2 

0.2636 

6.4362 

30 

23  46  32 

5 

15.2 

0.2588 

0.3796 

22 

23  39  18 

3  25.4 

0.2640 

0.4379 

31 

23  46     2 

5 

10.5 

0.2588 

0.3829 

23 

23  39     8 

3  20.6 

0.2645 

0.4396 

Feb.     1 

23  45  33 

5 

5.8 

0.2588 

0.3  SO  2 

3.0 

24 

23  38  58 

3   15.8 

0.2650 

0.4413 

2 

23    15     6 

5 

1.1 

0.2588 

0.3894 

25 

23  38  49 

3   11.0 

0.2655 

0.4429 

3 

23  44  40 

4 

56.3 

0.2589 

0.3925 

26 

23  38  40 

3     6.2 

0.2661 

0.4445 

4 

23  44   15 

4 

51.6 

0.2589 

0.3955 

27 

23  38  32 

3     1.4 

0.2666 

0.44  60 

5 

23  43  50 

4 

46.8 

0.2590 

0.3985 

2.9 

28 

23  38  24 

2  56.6 

0.2672 

0.4474 

6 

23  43  27 

4 

42.1 

0.2592 

0.4014 

Mar. 

1 

23  38  16 

—2  51.9 

0.2678 

0.4487 

7 

23  43     5 
23  42  45 

4 

4 

37.3 
32.5 

0.2593 

0.2595 

0.4042 

0.4070 

8 

9 

23  42  25 

4 

27.7 

0.2597 

0.4098 

2.7 

Apr. 

11 

23  32  51 

+   0   15 

0.3055 

0.4539 

10 

23  42     6 

4 

23.0 

0.2599 

0.4124 

May 

I 

23  25   18 

+    1   32 

0.3305 

0.4244 

11 

23  41   48 

4 

18.2 

0.2602 

0.4149 

May 

21 

23     9     7 

+   2  27 

0.3577 

0.3764 

12 

23  41  31 

4 

13.4 

0.2604 

0.4173 

June 

10 

22  38     0 

+   2  37 

0.3856 

0.3161 

13 

23  41    14 

4 

8.6 

0.2607 

0.4196 

2.6 

June 

30 

21   45   15 

+    1   26 

0.4136 

0.2626 

14 
15 
16 
17 

23  40  58 
23  40  44 
23  40  30 
23  40   17 

4 
3 
3 
3 

3.8 
59.0 
54.2 

49.4 

0.2610 
0.2613 
0.2616 
0.2620 

0.4219 
0.4241 
0.4263 
0.4284 

2.5 

Aug. 

Sept. 
Oct. 

1 
1 

1 

19  52  33 

18  39  50 
18   15  18 

—  3  36 

—  86 
—10  40 

0.4570 
0.4966 
0.5323 

0.2762 
0.4008 
0.5244 

18 

23  40     4 

3 

44.6 

0.2624 

0.4305 

The  observed  correction  for  the 

ephemeris 

on  Jan 

19 

23  39  51 

—3 

39.8 

0.2628 

0.4325 

was  : 

J« 

+  5s ;   J8  +  C 

'.6. 

Light 


2.4 


2.3 


2.2 


1.8 
1.8 
2.0 
2.3 
2.6 

2.0 

1.0 

.5 
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OBSERVATIONS   OF   COMETS, 

MADE    AT    U.S.    NAVAL   OBSERVATORY    WITH   THE  9.6-IXCH   EQUATORIAL. 

[Communicated  by  the  Superintendent.] 


1888-89  Wash.  M.T. 

* 

No. 
Conip. 

■Ja         | 

-* 

t^'s  apparent 
a 

8 

logpA 

for  ./              for  fi 

Obs. 

Comet  e   (Barnard). 

d        h       m        s 

Dec.    4    9    2  16.1 

1 

20 

6 

11 

—4 

8 

39.20 

+  4  44.2 

1   57 

is.. V.I 

—6 

48 

53.0 

«7.858 

0.800 

F 

11     9  52    8.5 

2 

17 

4 

+  2 

31.00 

—0     0.5 

1   21 

16.10 

— 7 

29 

51.0 

9.350 

0.758 

F 

20    7  17  47.7 

3 

2(> 

4 

+  1 

2.15 

+  2  53.5 

0  47 

18.33 

— 7 

40 

59.1 

8.780 

0.805 

F 

24    9  23  23.9 

4 

20 

4 

—  1 

Ml.:;  2 

—7  48.8 

0   35 

24.91 

—  i 

36 

20.1 

9.518 

0.787 

F 

Jan.  10    6  41  19.7 

5 

24 

5 

—  1 

14.47 

—4  34.9 

0     3 

28.29 

—6 

44 

12.0 

9.362 

0.792 

F 

12    6  43  36.0 

5 

20 

4 

—3 

41.12 

+  3  35.3 

0     1 

1.62 

—6 

36 

1.9 

9.405 

0.789 

F 

( 

!omet f  (Barnard). 

Dec.    1  15  19  28.6 

6 

40 

8 

+  3 

6.11 

+  7   14.6 

10    20 

16.35 

—8 

42 

10.(1 

/-9.440 

0.789 

T 

4  17  31  17.8 

7 

20 

4 

—2 

58.42 

+  4   29.8 

10   22 

21.63 

— 7 

47 

57.0 

8.085 

0.817 

T 

6  17    8  37.0 

8 

20 

4 

—  1 

53.: 34 

—  7   29.7 

10  23 

31.13 

— 7 

11 

26.1 

n8.230 

0.802 

T 

13  16  14    2.8 

9 

20 

4 

— 0 

58.77 

—3     6.5 

10   26 

38.18 

—4 

50 

4.0 

n8.897 

0,694 

T 

14  10  43  42.5 

10 

19 

4 

—  1 

21.00 

—9  26.9 

10   26 

57.86 

—4 

37 

29.6 

n8.028 

0.687 

T 

29  14  44  31.7 

11 

22 

5 

— 0 

41.76 

—7   12.8 

10  27 

33.98 

+  1 

54 

6.0 

»9.118 

0.725 

W 

15  25  49.5 

12 

20 

4 

+  3 

33.32 

—9     2.1 

10   27 

33.  Ml 

+  1 

54 

53.1 

n8.798 

o.Ti'.-, 

W 

Jan.    1  13  51  36.8 

13 

10 

•> 

—3 

.",2.04 

+  2     8.5 

10   26 

15.65 

+3 

21 

24.5 

9.315 

o.712 

T 

2  11  58  28.4 

14 

18 

4 

+  4 

5.55 

—3  34.2 

10  26 

26.12 

+  3 

49 

24.2 

n9.571 

0.720 

V 

3  11  40  16.6 

15 

17 

4 

+  2 

43.87 

+  3     8.8 

10  26 

3.67 

+  4 

19 

44.9 

,,  9. 590 

0.719 

V 

6  15  27  32.4 

16 

29 

5 

— 0 

34.33 

+  2  37.5 

10  24 

40.05 

+  5 

5  7 

14.9 

8.170 

0.680 

T 

11  17    9  21.5 

17 

20 

4 

—  ■> 

21.64 

+  7  30.3 

10   21 

39.72 

+  8 

44 

15.8 

9.409 

0.752 

T 

12  17  38    8.1 

18 

20 

4 

+  1 

32.33 

—2  27.0 

10   20 

56.65 

+  9 

18 

27.7 

9.508 

0.667 

T 

Mean   Places  for  1888.0  and  1880.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place. 

Authority 

1 

h 

2 

1 

55.06 

+  2.73 

0 

—6 

53 

ft 

46.1 

it 
+  8.9 

Weisse's  Bessel  I.  1077 

2 

1 

18 

42.61 

+  2.49 

—7 

29 

59.9    | 

+   9.4 

Weisse's  liessel  I.  271 

3 

0 

46 

14.12 

+  2.06 

—7 

II 

2.5 

+   \K\) 

Lamont  51 

4 

0 

36 

57.10 

+  2.13 

— 7 

28 

40.7 

+   9.4 

Schjellerup  243 

5 

0 

4 

44.07 

(-1.31  \ 
1—1.33  | 

—6 

39 

26.3 

J -10.8) 

\  —10.9  [ 

^(Weisse's  Bessel  +  2  Schjellerup) 

6 

10 

17 

7.98 

+  1.96 

—8 

49 

48.0 

-  6.6 

Schjellerup  3800 

7 

10 

25 

18.01 

+  2.04 

— 7 

52 

19.1 

—  7.7 

Lament  904 

8 

10 

25 

22.36 

+  2.11 

— 7 

3 

48.0 

—  8.4 

Schjellerup  3850 

9 

10 

27 

34.65 

+  2.30 

—4 

46 

47.0 

-10.5 

Schjellerup  3863 

10 

10 

28 

16.53 

+  2.33 

-4 

27 

52.0 

—  10.7 

Yarnall  1397 

11 

10 

28 

12.89 

+  2.85 

+  2 

1 

33.6 

—14.8 

i( Weisse's  Bessel  +  Lamont) 

12 

10 

23 

57.66 

+  2.83 

+  2 

4 

9.9 

—14.7 

{(Weisse's  15essel+  Lamout  +  2  Sclijellerup) 

13 

10 

30 

17.89 

—0.20 

+  3 

19 

14.6 

+    1.4 

Weisse's  liessel  X.  504 

14 

10 

22 

20.70 

—0.13 

+  3 

52 

57.6 

+   0.8 

a  (Weisse's  Bessel +  Laniont) 

15 

10 

23 

19.91 

—0.11 

+  4 

16 

35.5 

+   0.6 

Bonn  VI,  +4°,  2342 

16 

10 

25 

1  1.45 

—0.07 

+  5 

54 

37.7 

—  0.3 

{(Weisse's  Bessel  +  Lament  +  2  Sclijellerup) 

17 

10 

24 

1.30 

+  0.06 

+  8 

36 

47.2 

—  1.7 

i(  Weisse's  Bessel  + Lamont ) 

18 

10 

19 

24.22 

+  0.10 

+  9 

20 

56.7 

—  2.0 

J  (Weisse's  Bessel  +  2  Yaruall  +  2  Grant) 

The  observers  are  Frisky,  Tuttle  aud  Winlock. 

by  that  amount. 


Weisse's  position  of  *  13  is  evidently  10s  too  small;  it  has  been  corrected 
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FILAR-MICROMETER   OBSERVATIONS   OF   COMETS, 


MADE    AT    THE    DUDLEY    OBSERVATORY, 

By  LEWIS  Boss 


1888-89  Albany  M.T. 

* 

No. 
Comp 

Ja                j8 

#'Sa 
a 

pparent 

8 

log 
for  a 

PA 

for  A 

Comet  e  1888. 

h        m          s 

m        s 

1             it 

li      m        s 

O             /              '1 

B 

il 

Dec.  12     8  36  18 

1 

21  ,  7 

—  1   39.06 

—2  58.2 

1    17     6.08 

—7  32   46.2 

8.958 

0.829 

12     9     5  30 

2 

1  .">  .  5 

—2    12.64 

+  1      7.5 

1    17     0.53 

—7  32   50.6 

9.157 

0.827 

Jan.     3     6   18  42 

3 

15,5 

+  1   23.13 

+      47.7 

0  13  56 

—7   10 

9.: 340 

0.821 

3     6  43  22 

4 

15  ,5 

—3  26.46 

—5   12.3 

0  13  53.06 

—7   10     5.0 

9.412 

0.818 

Comet/  1888. 

Dec.  12  17  20     2 

5 

21  ,7 

—4  33.32 

+  4  47.4 

10  26   17.92 

—5  10  35.9 

8.656 

0.815 

Jan.     3   13  33  24 

6 

1 5  .  5 

+  2  42.28 

+  5     5.8 

in  26     1.56 

+  4  21  36.7 

?i9.326 

0.741 

3  14  17  13 

7 

18,6 

+  4   22.70 

—2  24.4 

10  26     0.65 

+  4  22  25.5 

H9.132 

0.739 

Mi  an  Places  for  1888.0  of  Comparison- Stars. 


* 

Red.  to 

8 

Bed.  to 

Authority 

app.  place 

app.  place 

1 

h         ni         s 

1    18  42.67 

+  2*.  4  7 

o             1             II 

—7  29  57.2 

+    9.'2 

Gould,  G.C.  1330 

2 

1   19   10.70 

+  2.47 

—7  34     7.3 

+   9.2 

Micr.  Comp.  with  Gould  1330 

3 

0  12  31 

+  1.90 

—7   11 

+   9.5 

SUM.  —7°  35 

4 

0  17   17.59 

+  1.93 

—7     5     2.1 

+    9.4 

Schjellerup  122 

5 

10  30  48.98 

+  2.26 

—5   15   13.1 

—  10.2 

Schjellerup  :l.s78-9 

6 

10  23   17.02 

+  2.26 

+  4  16  48.6 

—  17.7 

Albany  4054 

7 

10  21   35.68 

+  2.27 

+  4  25     7.6 

—17.7 

Albany  4044 

Note.  —  The  air  was  very  steady  on  January  3,  but  the  presence 
of  a  very  light  fog  rendered  the  comparisons  for  comet/ somewhat 


difficult;  comet  e  under  illumination  appears  like  the  diffuse  image 
of  a  star  somewhat  brighter  than  the  ninth  magnitude. 


NEW   ASTEROID. 


A  planet  of  the  twelfth  magnitude  was  discovered  by  Palisa  at  Vienna,  January  4.     Its  position  was 

1889  Jan.  4.3595  Greenw.  M.T.         a  =  4h   13'"  38\6  S  =  +18°  58'  15" 

The  motion  is  similar  to  that  of  Siira.  no.  140,  and  it  is  possible  that  the  two  planets  are  identical. 


If,  as  now  supposed,  the  asteroid  of  Oct.  29  was  uo.  280,  and  that  of  Oct.  31  no.  281, —  this  of  Jan.  4  will  be  no.  282, 
should  it  not  prove  to  be  a  rediscovery  of  uo.  140.  G. 


NEW   DISCUSSION   OF  WINNECKE'S   COMET. 


DieBahn  des  periodischen  Kometen  Winnecke,  in  den  Jahren 
1858-1886,  nebst  einer  neuen  Bestimmung  der  Jtija'tersmasse, 
von  Dr.  Eduard,  Freiherrn  von  Haekdtl.     Vienna,  1888. 

This  valuable  contribution  to  cometology,  reprinted  from 
the  Memoirs  of  the  Imperial  Academy  of  Sciences,  at  Vien- 
na, is  of  especial  importance,  apart  from  the  minute  accu- 
racy with  which  it  follows  the  path  of  Winnecke's  comet 
since  1858.     A  statement  of  the  chief  points  is  given,  by 


the  author,  in  no.  2873  of  the  Astronorrdsche  Nachrichten. 
The  memoir  contains  elaborate  discussions  of  the  obser- 
vations and  the  resulting  elements  for  the  apparitions,  1858 
II,  1869  I,  1875  II,  and  1886  VI;  as  well  as  a  summary  of 
our  knowledge  concerning  its  former  appearances  1819  III, 
1808  I,  and  probably  1766  II. 

The  comet  may  attain  an  aphelion-distance  of  5.57,  the 
mean  distance  of  Jupiter  being  5.20;  and  their  respective 
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periods  are  such  that  close  approaches  occur  at  intervals  of 
about  11  years.  Two  such  approaches  took  place  during  the 
period  here  discussed,  between  May  L858,  and  November 
386;  the  distance  of  the  comet  from  Jupiter  having  been 
in  December  1870,  and  only  0.44  in  November  1881. 
The  perturbations  during  these  five  revolutions  have 
computed  for  twenty-day  intervals  through  the  correspond- 
ing twenty-eight  and  a  half  years,  and  for  intervals  yet 
shorter.  —  even  down  to  live  days,  —  when  circumstances 
seemed  to  require  it.  Dr.  vox  Haerdtl  thus  finds  that  they 
had  produced  during  that  time  an  increase  of  not  less  than 
ninety-five  meau  days  in  the  period  of  revolution,  as  well  as 
large  changes  in  the  other  elements  of  the  orbit ;  so  that 


Jl  =+3=  44'.      JQ 


-9°  51'  and  Jcr  =  —2°  27'. 


The  perturbations  by  the  other  planets  have  been  com- 
puted with  equal  care,  excepting  for  Mercury  and  Uranus, 
the  influence  of  which  would  be  practically  inappreciable. 
since  the  comet's  orbit  which,  as  has  been  said,  scarcely 
extends  beyond  that  of  Jupiter,  does  not  at  perihelion 
{q  =  0.831)  even  reach  that  of  Venus. 


One  of  the  very  interesting  results  of  this  investigation  is 
the  evidence  that  no  unexplained  acceleration  of  the  mean 
motion  exists,  such  as  Encke  believed  that  he  had  found  for 
the  comet  which  bears  his  name.  On  the  contrary,  Dr. 
von  Haerdtl  found  indications  of  a  decided  retardation; 
which  disappeared,  however,  when  a  new  value  for  the  mass 
of  Jupiter  was  introduced. 

In  short,  the  author  has  arrived  at  the  result  that  a  decided 
modification  of  the  adopted  mass  of  Jupiter  is  required  for 
satisfying  the  observations  ;  so  that,  instead  of  the  assumed 
value  1  :  1047.54,  with  which  he  began  his  computations,  he 
has  been  led  to  the  adoption  of  a  new  value  1  :  1047.1752.  — 
the  mean  error  of  the  denominator  being  given  as  ±0.0136. 
Introducing  this  new  mass  into  the  computations  of  Fate's 
comet,  in  the  stead  of  that  used  by  Moller.  and  found  by 
Dr.  von  Haerdtl  to  be  absolutely  incompatible  with  the 
motion  of  Wis'necke's,  —  the  results  seem  to  him  to  indicate 
that  no  such  incompatibility  exists  in  the  former  case. 

Regarding  Eni  ke's  comet,  a  similar  inference  is  drawn,  so 
far  as  the  present  state  of  Bai  klund's  computations  permits. 

G. 


COMET  a    1889. 

A  rather  faint  comet  was  discovered  by  Mr.  Brooks  at  Geneva.  N.Y.,  on  the  morning  of  January  15.  in  the  position, 

188!)  Jan.  14.9665  Greenw.  M.T.         a  =    18h    1  8  =  —21°  20' 

The  motion  is  given  a-  rapid  and  westerly.     The  weather  has  not  yet  permitted  its  subsequent  observation. 


NOTICE. 

Mr.  John  Tatlock,  Jr..  (care  of  North  River  Safe  Deposit  Co.,  187  Greenwich  St..  New  York,  requests  that  those  astronomers 
who  secured  observations  of  the  occultations  of  Alpha    Tauri  by  the  moon,  between  the  elates  of  Sept.   10,  1884,  and  March   18,     --- 
inclusive,  will  kindly  send  to  him  copies  of  the  records  of  such  observations,  together  with  full  particulars  essential  to  the  reduction 

thereof. 
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ON    THE    COMPUTATION   OF    THE    TEUE   ANOMALY,   RADIUS-VECTOR   AND 
COORDINATES   IN   ELLIPSES   OF   GREAT   ECCENTRICITY, 


By  Rrv.  GEOKGE  M.   SEAKLE. 


After  the  appearance  of  the  very  ingenious  and  accurate 
method  of  computing  the  anomaly  and  radius-vector  in  ellip- 
ses nearly  approaching  the  parabola,  given  by  Oppolzer, 
it  may  seem  superfluous,  to  say  the  least,  to  propose  any 
dllier  solution  of  the  same  problem.  Still,  as  I  have  found 
the  following  one  practically  convenient  in  the  eases  most 
likely  to  occur,  it  may  be  well  to  give  it  for  what  it  is  worth. 

We  start  with  the  equation  of  integration,  put  in  the  fol- 
lowing form : 


in  which    z  =  tan  4  v 


.  l- 

and    £  = 


&c. 


1  +e 

If  now  we  denote  r  +  \  r'  by  hM.  n  being  an  arbitrary 
constant,  and  make 


T3  +  I  T5 
(r+*l*) 

this  becomes 


—   A  r 


-   1 


=  B,  &c. 


Now  giving  to  M  the  value 


nM—  5  A  n   M '■'■:  +    :  B  n 
V2 


.)/  -L  &c. 


(r+i  r3),  as  used  in  Op- 


fc 


polzeu's  table,  n  becomes  — r^-  ;      dividing  the  equation  by 

Vl+e 


this,  and  denoting 


V2<?: 


1/2 


(  by  N,  we  have 


f  n-5,  &c. 


M  =  M  —  §  >r  s  4itf3  +  §  (i4  =2 .  BM'  &c. 
Now  the  functions  .1.  B,  &c,  are  readily  tabulated  for  M 
or  log  M  as  an  argument ;  the  formulas  most  convenient  for 
1  lir  purpose  being  perhaps 

.)/  5  M" 

The  logarithm  of  w  is  8.0850664  ;  that  of  |  n-5,  5.522952  ; 
that  of  A  ft-5,  9.42854  ;  that  of  §  n\  5.9940416;  that  of 
I  „\  2.118417. 

Tables  being  computed  of  A  and  B,  we  do  not  have  to  use 
the  table  by  which  v  is  obtained  from  M  until  the  value  of 
.1/  lias  been  accurately  determined. 

For  ordinary  cases  it  is  quite  enough  to  compute  log  J  to 
five  places,  and  log  B  to  four:  the  differences  are  made 
more  convenient  by  tabulating  log  AM,  or  log  AM'2,  and 
using  these  instead  of  log  A  in  the  higher  parts  of  the  table  ; 
or  log  BM,  &.C.,  similarly. 

The  following  table  has  been  computed: 


M 

log^l 

log  B 

log  M 

log^l 

logs 

log  M 

log  .4 

log£ 

log  M 

log  A 

log  B 

0 

0.00000 

0.0000 

0.90 

9.99839 

9.9962 

1.04 

9.99694 

9.9927 

1.18 

9.99423 

9.9863 

1 

9.99997 

9.9999 

91 

9983] 

9960 

05 

99680 

9924 

19 

99397 

9857 

2 

99990 

9997 

92 

99823 

9958 

06 

99665 

9920 

20 

99369 

9850 

3 

99977 

9994 

93 

99815 

9956 

07 

99650 

9917 

21 

99340 

9843 

4 

99959 

9990 

94 

99806 

'.•954 

08 

99634 

9913 

22 

99310 

9836 

5 

99936 

9985 

95 

997H7 

9952 

09 

99616 

9909 

23 

99278 

9829 

6 

99908 

9978 

96 

99787 

9949 

10 

99598 

9905 

24 

99245 

9821 

7 

99875 

9970 

97 

99778 

9947 

11 

99580 

9:100 

25 

99210 

9813" 

log  M 
0.85 

98 
0.99 

99768 

99757 

9945 
9942 

12 

99561 

9896 

26 

99174 

!ISO| 

99872 

9969 

13 

99510 

9891 

27 

99136 

9  7:i."» 

86 

99866 

9968 

1.00 

99745 

9939 

14 

99519 

118X6 

28 

99097 

9786 

87 

99860 

9966 

01 

99733 

9937 

15 

99497 

9880 

29 

99056 

9776 

88 

99853 

9965 

02 

99721 

9934 

16 

99473 

9875 

30 

99013 

9766 

0.89 

9.99846 

9.9963 

1.03 

9.99708 

9.9931 

1.17 

9.99449 

9.9869 

1.31 

9.98968 

9.9755 
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log.V 

\o'j.  A 

log  B 

log  .V 

log  A 

log  B 

log  v 

log  J 

log  BM 

log  .V 
2.26 

log. 1.1/ 

log  BM1 

1.32 

9.98921 

9.9744 

1.64 

9.95790 

9.9010 

1.95 

9.87038 

1.6512 

1.95641 

3:8383 

33 

98872 

9732 

65 

95618 

8970 

96 

86619 

6518 

27 

95933 

8430 

34 

3821 

9720 

66 

95440 

8929 

97 

86190 

652] 

28 

96216 

8475 

35 

98768 

9  7us 

67 

95256 

8886 

98 

35752 

6523 

29 

96491 

8519 

36 

3713 

9695 

68 

'.'.".066 

8842 

1.99 

85305 

6523 

30 

96757 

8561 

37 

98655 

9681 

69 

94869 

8796 

2.00 

84848 

6521 

31 

'J  70 15 

8601 

38 

3594 

9667 

70 

94666 

8749 

.01 

84381 

6517 

32 

97265 

8639 

39 

3531 

9652 

71 

94455 

8701 

.02 

83905 

6511 

33 

97506 

8676 

10 

98466 

9637 

72 

94238 

9.8651 

.03 

9.83419 

6503 

34 

97739 

8712 

41 

98 

9621 

log  BM 

\okAM 

35 

97965 

8746 

42 

98326 

9604 

73 

9401  I 

1.5899 

.04 

L.86924 

6493 

36 

98182 

8778 

43 

98252 

9586 

74 

93782 

5946 

.05 

87419 

6480 

37 

98391 

8809 

11 

98175 

9568 

75 

93543 

5991 

.06 

87905 

6465 

38 

98593 

38  - 

45 

98094 

9549 

76 

93297 

6034 

.07 

88381 

6450 

39 

98787 

3866 

46 

98010 

9529 

77 

93043 

6076 

.08 

—  -17 

6432 

40 

98973 

•- 

17 

97923 

9509 

7^ 

92781 

61  16 

.09 

89304 

6412 

41 

99152 

8918 

18 

97832 

9487 

7!) 

92512 

6154 

10 

89751 

6390 

12 

99324 

8941 

49 

97738 

9465 

80 

92234 

6190 

11 

90189 

6366 

13 

99488 

- 

50 

:  17640 

9442 

81 

91948 

6225 

12 

90617 

6340 

4  1 

99645 

-  -  - 

51 

97538 

nils 

82 

91654 

6258 

13 

91036 

6312 

4.") 

99794 

'.II  Mil 

52 

97431 

9393 

83 

91352 

6289 

14 

91445 

6283 

46 

1.99936 

9022 

53 

97321 

9367 

84 

91041 

6318 

15 

91845 

6251 

47 

2.11(10  72 

54 

97206 

9340 

85 

90722 

6345 

16 

92236 

6218 

48 

002m  1 

9054 

55 

97087 

9312 

86 

90394 

6370 

17 

92617 

6182 

49 

00322 

- 

56 

96963 

9283 

87 

90057 

6393 

18 

92989 

6145 

50 

00438 

9081 

57 

9683  1 

9253 

88 

Mi  7 12 

6415 

19 

93352 

6106 

51 

00546 

9093 

58 

96701 

9222 

89 

89357 

6435 

20 

93706 

6065 

52 

00648 

9104 

59 

96563 

9190 

90 

88994 

6453 

21 

94051 

6023 

53 

1743 

9113 

60 

96419 

9157 

91 

88621 

6469 

22 

94387 

5978 

54 

00832 

9121 

r,i 

96270 

9122 

!  i  •_' 

88239 

6482 

23 

94714 

5932 

55 

00915 

9128 

62 

96115 

9086 

93 

87848 

6494 

24 

95032 

588  1 

56 

00991 

9134 

1.63 

9.95955 

9.9049 

1.94 

9.37448 

1.6504 

2.25 

1.95341 

1.5834 

2.57 

2.01061 

3.9138 

We  shall  seldom  need  the  terms  of  the  series  beyond  the 
third:  but  the  fourth  may  be  obtained  with  very  little  error 
by  assuming  it  a  third  proportional  to  the  second  and  the 
third. 

The  correction  necessary  to  be  applied  to  the  fourth  term 
as  thus  computed  will  be  always  additive  to  it?  numerical 
value  :  and  varies  from  Tys  of  its  computed  value  for  r  =  0 
tn  4',;%  of  it  for  r=oo,  falling  to  a  minimum  of  about  .\,  for 
r—  1.986. 

The  series,  as  it  has  been  given,  which  we  may  write 
Nt  =  M  —  a-A  .  M3  +  bB  .  .I/-5  —  cC  .  M7,  &c. 


in  which     a=   [5.9940416]  s      b  =   [2.118417]  ss     g       - 
of  course,  the  time  at  once  from  the  anomaly:  for  the  in- 
\ eise  problem,  we  write 

.1/  =  m  +  aA.  M3—  bB  .  .1/    +  cC .  W  &c. 
by  which  .1/  is  readily  computed  with  accuracy  from  an  ap- 
proximate value   in    most   cases,   especially  in  the  practical 
ease  of  an  ephemeris,  in  which  the  next  value  of  M  is  approx- 
imately given  by  differences  from  the  preceding  ones. 

For  example,  the  following  are  the  successive  values  for 
se\  eral  daily  intervals  in  the  ease  of  Haixey's  comet,  selected 
by  Gauss  and  Oppolzer: 


m 

Approx.  log  1/ 

.<  .it/ 

—6  BM' 

cor 

sum        .1/ 

log  v 

134.9132 
137.1  U5 
139.3699 
141.5982 

2.13789 

2. 14.'.  Hi 

2.1 
2.15945™ 

+2.5085 
+  2.6120 
+  2.7176 
+2.8254 

—.0538 
—.0573 
—.0608 

—.0646 

+  0012 

+0013 

+  0014 
+  001.-, 

+  2.4559 
+  2.5560 
+  2.6582 

+  2. 7  62:1 

137.3691 

139.('.:i7.". 
142.0281 
144.3605 

2.1378891 
2.1451888 
2.1523742 
2.1594485 

Three  values  having  been  obtained,  even  at  this  large  value 
of  .1/,  to  start  with,  the  next  value  of  log  .1/"  could  evident  h 
be  obtained  accurately  enough  by  the  differences  of  the 
series.     The  last  value  of  log  M gives  v  -     100°  0'  0".l 


The  i-adius-vector  is  probably  most  conveniently  obtained 
from  the  true  anomaly  by  the  formula 

9  Sec"  4-  '• 


1  +  f  r- 
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Another  method  which  seems  to  have  some  advantages, 
especially  when  we  wish,  as  is  usually  the  case,  to  obtain  the 
heliocentric  coordinates,  is  as  follows. 


From  the  equation  E  —  e  sin  E  =  kta—Vi,  we  readily 
obtain,  developing  E  in  terms  of  sin  E  and  dividing  by 
(l-e)%, 


sin  2? 


If  now  we  denote 


Vl— e 
sin  E 


+ 


sin3  2? 


6(1— e)32 
hv  r.  we  have 


+ 


sin3  2? 
(1—  e)3/2 


/8  sin2  2?  4-  T|?  sin4  2?  &c. 


—  ktq-'- 


-  4    >  r*  4-  r 


V2(l-e) 
?5  sin22?  4T5F  sin4  2?  &c. 


V2 


q-^  .  t 


or,  dividing  by  — r-r  and  making  sin2  2?  =  2(  1  —  i  ir. 
v  ^ 


a/ 2 


in  which     m 


Vi 

k 


.  f„(\—  e)  =  [1.392055]  (1— e) 


and     n  =  1+  ||  sin2  2?  +  ££4  sin4  2?  4-  ^»J  sin1"' 2?  &c. 


The  coefficient  of  the  second  term  iu  this  series  =     |f     X  the  first  coefficient, 

That  of  the  third  term  =     J  ,\     X  the  second  coefficient, 

That  of  the  fourth  term  =  jf:^  X  the  third  coefficient,  &c,  &c. 


The  logarithm  of  n  can  easily  be  tabulated  for  siir_E  as 
argument.  Theu  -  is  readily  obtained  from  the  equation 
above,  if  we  have  an  approximate  value  of  it,  by  putting  this 
value  in  m/n  r\  and  making  r  =  the  tangent  of  one-half  the 
angle  corresponding  to  q"3'-  .  t  —  mn  - "'.  as  .1/  in  Oppolzer's 
form  of  Barker's  table. 

This  angle,  which  we  may  denote  by  /■„,  is  not  the  true 
anomaly.      It  has.  however,  a  quite  simple  relation  to  it. 


Il-f-e 
=   9  >|l=-e 


sin  2? 


We  have     r  sin  v  =  a^J  l— ?-  sin  E 

g-y/2(l+e)  " 

p  sinv                1  siu«          IT+ 

Hence    r  =  - — ; —        -  .  —  =  —.                    — - 

1  4-  e  cose     q-^2(l+e)  1  +  ecosw  \   2 


we  have 


/,  tan£v 


ll+e 
Or,  if  we  denote      — j—  by  ij, 

r;  sini' 
1  +  cosD  —  (1—  e)  cosv      "  1 — ^(1 — e)  cost)  sec2  %v 

But  we  do  not  propose  to  deduce  v  from  r  or  v0.    We  have 

rcosv  =  a(coaE — e)   =  a(l — e)  —  2a  sin2 \E 

=  q  —  2a  sin2  i  E  =  q  —  i  a  sin2  2?  sec2 ±E  ; 

and  putting  in  this 


a  sin2  23  -  -  2q  r'2 


2q-(  1  +e)_r2 
a  ( 1  — e2) 

from  the  equation  for  r  siuu  above,  we  have, 


r  cosd 


=   ^  —  7T2  sec2^2?   =   q  —  qr- — qr2tiiU2^E 


1— e 


9  cos^o  sec2^v0 —  9  T'2  tan2 .J  2?  =  7  cosi>0  see2,}  r„  —  q  — s —  T  sec  ^^' 


while  »■  sinv  =  >;  7  siiw,,  sec^tv  These  equations,  of 
course,  give  v  and  r,  should  they  be  desired  ;  but  they  can 
be  introduced  immediately  into  the  coordinate  equations. 


The  expressions  for  the  coordinates  are,  if  we  make 
asin.4  =  eosQ,   a  cos  .4  =  — cost  sin  SI,   b  sin  B  =  sin  Q, , 

b  cos  B  =  cos  i  cos  Q, , 
as  follows  : 

x  =  a  cos(A+a>)r  sin  v  +  a  sin(4  +  w)7-  cosi> 
y  =  6  cos(2?4to)r  siuii  4  &  sin(2J4-to)»-  cosv 
z  =  sin  i  cosoo  >•  sinv  4-  sint  sin  to  r  cos-y 
Putting  the  values  of  *•  sine  and  /■  cose  just  obtained,  into 
these  equations,  and  also  making 

a'sin^'  =  qa  sin(.4  +  (o)         a' cos ^4'  r=  rtqa  eosf  A  +  a>) 
b'  sinjB'  =  qb  sin (5+ to)  6'  cos 5'  =  ijg6  cos(B+w) 

c'  siuC"  =a  7  sin;'  sin  to  c'   cos  C"  =  ry7  sin?  cos  to 

we  have 

x  =  a'  sec2£v0  siu(v0  +  ^l')  +-  a"  r4  sec4^ii' 
i/  =  b'  Bec*|«b  sin(v0+£')  4-  6"  r4  sec4 ^25 
«   =  c'  sec2^0sin(«04-C")  +  c"  r4  sec' 4-2? 


in  which  a",  '/',  c"  are  the  products  of  a'  sin.4',  b'  sin 2?',  and 

1  —  e 
c'  sin  C"  respectively,  by —  .      They  are,   of  course, 

small,  compared  with  «',  &',  and  c' ;  and  log  sec4  iE  can  here 
betaken    =  flogw,    without  much  error. 
The  process  is  practically  then  as  follows  : 
Compute  for  the  ellipse  in  question, 

m   =   [1.392055]  (1—  e) 
_     ITT'? 
''  ~  <~T 

Then  assume  a  value  of  r  for  any  date  at  which  we  propose 
to  commence  our  ephemeris  ;  this  will  be  roughly  given,  of 
course,  should  the  anomaly  not  be  too  large,  or  the  ellipticity 
too  decided,  by  the  formula     M  =  q~s/2t,     for  which  value 


and 


of  jV/we  take  out  v„  and 


=  tan  } 


After  a  few  dates 


have  been  computed,  r  or  to?)  t6  is  easily  given  approximately 
by  differencing.     To  obtain  M  accurately,  we  have 

M  =  7_3/- 1  — mn  r  ■'■ 
for  which  n  is  obtained  from  the  table  about  to  be  given,  the 
argument  sin2 E  being  got  by  the  formula  sin2 E  =  2(1 — e)T*. 
The  following  example  will  show  the  practical  working  of 
this,  the  same  dates  being  taken  as  for  the  previous  process  : 
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q-s/s  i 

Assumed 

mn   r5 

M 

»0 

log  T 

siua£ 

log  n 

mn  t5 

136.0179 
138.2645 
140.5111 
142.7577 

1.6209 
1.7052  " 
1.7919" 
1.8810s" 

134.3970 
136.5593 
138.7192 

140.8767 

a        i         n 

97  30  21.2 

98  4  8.4 

98  37  8.6 

99  9  23.3 

0.0570570 
.0613651 
.0655791 

0.0697024 

0.08415 

.08584 

.08752 

0.08920 

0.02249 
.02296 
.02342 

0.02389 

1.6209 
1.7052 
1.7919 
1.8810 

A  very  rough  computation  (to  three  or  four  places)  is  suf- 
ficient for  mn  r'  in  most  cases. 

Compute  for  the  ellipse  iu  the  case,  a,  A,  b,  B.  by  the 
formulas  a  sinA  =  cos&,  acos/1  =  — cos/sinS. 
b  sin  J3  =  sin  Q,  b  cos  H  -  cos*  cos&,  i  and  Q,,  of 
course,  referring  to  the  coordinate  planes.  These  obtain 
a',  A',  b',  B',  c',  C",  a",  b",  c",  by  the  equations  given  above. 
The  coordinates  then  are  computed  by  the  formulas  as  given. 


It  may  be  worthy  of  notice,  that  n  is  about  equal  to 
sec5  ±E.     The  expression  for  log  u  is 

,.,","  log seuiE+. 002052 sin4jE-f. 00150 sitr'-E-K 0011  sin8£&c. 

Following  is  a  table  for  log  n. 

When  sm'E  >.l,  jE7>18°  26',  and  the  original  equation 
■  M  =  E  — e  smE  can  be  worked  without  much  difficulty. 
Still,  the  table  could  easily  be  carried  a  good  deal  farther. 


Table  for  log / 

. 

shr/i 

log  n 

sin- A' 

log  n 

si  n- A' 

log  II 

sin-A' 

logn 

sin's 

log  li 

.001 

.00026 

.021 

.OIC  IT 

.041 

.01077 

.061 

.01615 

.081 

.02162 

2 

52 

22 

574 

12 

1 1 04 

62 

1642 

82 

2189 

3 

78 

23 

600 

43 

1130 

63 

1669 

83 

2217 

4 

104 

24 

626 

1  1 

1157 

64 

1696 

.SI 

22  15 

5 

130 

25 

652 

45 

1184 

65 

1  72:: 

85 

2272 

6 

155 

26 

679 

16 

1210 

66 

1  75 1 

86 

2300 

7 

181 

27 

70o 

47 

1237 

67 

1778 

87 

2328 

8 

207 

28 

732 

18 

1264 

68 

1805 

88 

2355 

9 

233 

29 

758 

49 

1291 

69 

1832 

89 

2383 

10 

259 

30 

784 

50 

1318 

70 

1860 

90 

2  111 

11 

286 

31 

811 

51 

1345 

71 

1887 

91 

2439 

12 

312 

32 

838 

52 

1372 

72 

1914 

92 

2467 

13 

338 

33 

864 

53 

1399 

73 

1942 

93 

2494 

14 

364 

34 

890 

54 

1426 

74 

1969 

94 

2522 

15 

390 

35 

917 

55 

1453 

75 

1997 

95 

2550 

16 

416 

36 

944 

56 

1  ISO 

76 

2024 

96 

257S 

17 

442 

37 

970 

57 

1507 

77 

2052 

97 

2606 

18 

469 

38 

997 

58 

1534 

78 

207H 

98 

2634 

19 

495 

39 

1023 

59 

1561 

79 

2107 

99 

2662 

.020 

.00521 

.040 

.01050 

.060 

.01588 

.080 

.02134 

.100 

.02690 

Interpolation  Table. 


1 

2.6 

2.7 

2..s 

2 

5.2 

5.4 

5.6 

3 

7.8 

8.1 

8.4 

t 

10.4 

10.8 

11.2 

5 

13.0 

13.5 

14.0 

6 

15.6 

16  2 

16.8 

7 

18.2 

18.9 

19.6 

8 

20.8 

21.6 

22.4 

9 

23.4 

24.3 

25.2 

NEW   ASTEROIDS. 

A  planet  of  the  13th  magnitude,  or  fainter,   was  discovered  January   28,  al    Nice.      Its  position  was  observed. 


1889  Jan.  28.5337  Gr.  M.T.  «  =  9"  4 lls.3 

Daily  motion.   — 14s  in  «,  and  10'  northward. 


+  11°  46'  33 


Another  of  the  12th  magnitude  was  found  February  8,  at  Nice,  in  the  position, 

1889  Feb.  8.3942  Gr.  M.T.  «  =  9"  -10'"  52  .7  8  =    +10°  19'  28" 

Daily  motion,  — 52h  in  «  and  2'  northward. 


N°  188. 
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DETERMINATION    OF   THE   ORBIT   OF    ASTEROID  (270)  AJSFAHITA, 

By  W.  s.  EICHELBERGEU,  Student  in  Johns  Hopkins  University. 


This  planet  was  discovered  by  Prof.  C.  H.  F.  Peters,  :it 
Clinton,  N.Y.,  on  the  evening  of  Oct.  8,  1887,  and  was  ob- 
served during  the  next  five  months  fifty-eight  times,  h 
seen  last  at  Clinton,  Mar.  9,  1  888 

1.  Preliminary  elements.  —  As  ii"  sel  of  published  ele- 
ments agreed  sufficiently  well  with  the  observations,  the  first 
step  taken  was  to  compute  new  elements.  The  following 
elements  were  computed  from  four  places. 

Elements  1. 

T  —  Jan.  0.1888  G.M.N. 

.V  =     60°  11'  32".9 

,t  =  332    22    54  .u  )   ..         ...  , 

.     q  _  o=u    07    vi    1  '  M'a"  l-'l""",x  ami 
^Z      2    21    36  ".I  j      Ecliptic  1888.0 

<p  =     8   37     8 .2 

ii  =   L088".99 
logo  =  0.3419886 

2.  Correction  oj  .  — To  correct  these  elements  an 
ephemeris  was  computed  and  compared  with  the  observa- 
tions. In  order  to  reduce  the  number  of  equations  of  con- 
dition, the  observations  were  divided  into  ten  groups.  Tak- 
ing the  mean    by   weights  of    each    of    the    ten    groups    of 


corrections,  and  considering  it  applicable  to  the  midnight 
nearest  the  mean  of  the  times,  the  following  normal  places 
were  derived.  Thej  age  geometric  places,  not  corrected  for 
aberration,  and  hold  for  Greenwich  mean  midnight. 


Date 

J« 

js 

R.A. 

Decl. 

W 

Oct.    12.5 

+0.232 

-M.:;s 

h        in        a 

1  13  19.45 

O           1           " 

11  59  11.4 

7 

16.5 

+0.263 

+  0.41 

9  31.95 

30  22.0 

7, 

20.5 

+  0.12:1 

+  1.18 

5  53.60 

1   15.1 

."> 

Nov.     1.5 

+0.276 

+  2.30 

0  56  50.59 

9  39  47. s 

6 

17..". 

+  ii     -- 

{-0.82 

51  19.18 

8  25  44.5 

1 

Dec.      7.5 

U33 

+  0.21 

56  19.66 

9  56.7 

5 

.Ian.     11.5 

+  0.135 

+0.55 

1  29  50.42 

10  30  54.0 

1 

Fell.       3.5 

—0.050 

+  0.45 

2    2  49.04 

13    7  35.2 

2 

'J. 5 

+  0.i>;,7 

—1.50 

12  22.43 

5! 

:; 

Mar.      9.5 

—0.010 

—2.60 

3    2  41. 21 

17  I".'  34.2 

1 

Oct.  13.0 
Nov.  22.0 

Jan.  l.o 
Feb.  10.0 
Mar.  21.0 


Feb. 
Mar. 


4.0 
16.0 


Bi 

it 

—0.155 
—0.1 

+  0.i  61 

+0.189 

318 

+  0.7  7.". 
+  0.775 


ft 

+  3.478 
+0.825 

—i  i. mi; 

—  1.884 

—2.5 

+  4.014 
+3.985 


Thai  the  solution  of  the  equations  might  give  more  accu- 
rately the  correction  of  the  elements,  the  perturbations  of 
the  elements  by  Jupiter  were  computed  and  the  residuals 
were  corrected  by  them. 

The  following  perturbations  were  obtained.  Epoch  of  os- 
culation, Dec.  12.0. 

Sn  ,V;  SL 

5.666         —     2.258         +0.037         +   7.054 

1.758  +     0.111  +0.009  +   2.809 


+ 


1.665 
8.156 


+  51.738 

+  58.011 


—  1.218 

—  7.296 

—  18.165 

—131.297 
—133.774 


—0.006 
—0.010 

— O.o   12 

+o.2:u 

+  0.:;:;7 


—  3.125 

—  9.914 

—  10.731 

—  2.442 
+  12.548 


The  following  are  the  twenty  equations  of  condition,  the  first  ten  arising   from    the    residuals  in  R.A. 
teu  from  residuals  in  Declinatiou. 


1.90760  J.t  —0.01918  J  Q 

1.89602  —  0.0197* 

1.-7104  —0.02042 

1.75651  —0.02144 

1.53759  —0.02142 

1.27462  —0.01999 

0.97240  —0.01615 

0.86322  —d.01340 

0.84252  —0.01271 

0.7727-  —0.00926 


0.72450 
0.72940 

0.72916 
0.70003 
0.61763 
0.50130 
0.34720 
n.2  7638 
0.26011 
(1.18768 


+  0.04541 
+  0.04684 
+0.04800 

+  0.05012 
+  0.05'  U  2 
+  0.04760 
+0.04166 
+  0.03825 
+  0.03746 
+  0.03417 


—0.58762  J/ 
—n.577:i4 
— o.:,6534 
—0.51255 
-0.42169 
—O.onc,  10 
—0.14930 
—0.07930 
—0.06478 
—0.01334 

+  1.51425 
+  1.50638 
+  1.46238 
+  1.30298 

+  1.06180 
+0.77843 

+  0.40886 
+  0. 24065 
+0.20368 
+  0.05336 


01683  J<? 

+3.00411 
+  2.97683 
+2  82688 
+  2.57.  - 
+2.23288 
+  1.87333 
+  1.732H1 
+  1.70190 
4  1.57548 

+  1.20306 
+  1.20775 
+  1.20484 
+  1.15674 
+  1.03708 
(-0.87776 
+  0.66555 
+0.55370 
+0.52528 
+0.38486 


+  2.38858  J M„ 
+  2.37200 
+  2.34242 

+  2.1N'.'24 
+  1.90495 
+  1.55715 
+  1.13783 
+  0.97145 
+  0.93773 
+0.81262 

+0.89740 
+  0.90312 
+0.90258 
+0.86578 
+0.76180 
+  11. 61270 
+0.40927 
+  0.31416 
+0.29254 
+0.19964 


— 188..S04  Jk 
—188. 
—187.011 
—175.848 

—  149.221 

—  110.. -171 

—  51.247 

—  2H.992 

—  14.ini 
+    16.280 

—  61.223 

—  62.690 

—  6.",. 686 

—  63.513 

—  56.886 

—  43.5CI 

—  20.664 

—  9.147 
6.664 
2.176 


+ 


+4.23 

+  4.82 
+  2.82 
+  5.26 
+  4.62 
+  2.23 
4-  1.85 
—0.55 
+  (,.90 
—0.23 

+  1.85 
+  0.89 
+  1.65 
+  2.82 
+  0.84 
+  0.31 
+  0.41 
+  0.53 
—  1.47 
—2.58 


the  second 

W 

7 
5 
5 
6 
1 
5 
4 
•> 
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After  making  the  following  transformations: 


1.90495  Jv  =  1.90495  dM0  +  2.55186  J?   +1.53759  Jn  —149.221  Aft 
0.42169  J(3  =  0.42169  M       +0.02142  JQ 


J  a 


v  = 


An 
100 


111  Ju. 


100 


that  the  formation  of  the  normal  equations  might  be  simplified,  we  obtain  the  following  final  forms  of  our  equations  of 
condition. 


W 

Resid. 

2.39  Ji 

—1.83.1! 

— 

2.04  y 

—0.17  z 

—0.59  Jp 

+  1.07  w 

=  +4.23 

i 

—  1.30 

2.37 

—1.73 

— 

1 .86 

—0.27 

— 0.5.s 

+  0.96 

+4.82 

5 

—0.80 

2.34 

—1.61 

— 

1.67 

—0.35 

—0.57 

+0.83 

+2.82 

5 

+  1.63 

2.19 

—  1.06 

— 

1.06 

—0.4  1 

—0.51 

+  0.46 

+  5.26 

6 

—0.57 

1.90 

0.00 

0.00 

0.00 

—0.42 

0.00 

+  4.62 

1 

—0.47 

1.56 

+  1.46 

+ 

1.75 

+  1.16 

—0.31 

—0.44 

+  2.2.", 

5 

+  0.76 

1.14 

+3.49 

+ 

5.40 

+  3.79 

—0.15 

—0.85 

+  1.85 

4 

—1.67 

0.97 

+  4.31 

+ 

7.91 

+  5.51 

— 0.08 

—0.94 

—0.55 

•> 

+  1.05 

0.94 

+  4.46 

+ 

8.56 

+  5.94 

—0.06 

—0.94 

+0.90 

3 

—0.49 

0.81 

+  4.87 

+  11.69 

+  7.99 

—0.01 

—0.86 

—0.2:; 

1 

+  0.30 

0.90 

+  0.01 

+ 

0.02 

+  0.91 

+  1.51 

—3.30 

+  1.85 

7 

—0.20 

0.90 

—0.02 

f 

0.04 

+  0.81 

+  1.50 

—2.117 

+  0.89 

5 

+  0.86 

0.90 

—0.04 

+ 

0.06 

+  0.70 

+  1.46 

—2.63 

+  1.65 

5 

+  0.19 

0.87 

—0.03 

+ 

0.12 

+  0.43 

+  1.30 

—1.61 

+  2.82 

6 

—0.99 

0.76 

+  0.17 

+ 

0.27 

+  0.28 

+  1.0G 

—0.38 

+  0.84 

1 

+  0.76 

0.61 

+  0.57 

+ 

0.68 

+  0.44 

+  0.78 

+  0.81 

+  0.31 

5 

+0.59 

0.41 

+  1.19 

+ 

1.69 

+  1.11 

+  0.41 

+2.09 

+  0.41 

4 

—0  58 

0.31 

+  1.33 

+ 

2.28 

+  1.55 

+  0.24 

+  2.60 

+  0.53 

■) 

—  1.12 

0.29 

+  1.33 

+ 

2.40 

+  1.7.", 

+  0.20 

+  2.71 

—  1.47 

3 

+  0.82 

0.20 

+  1.17 

+ 

2.65 

+  1.86 

+  0.05 

+  3.15 

— 2.5.S 

1 

+  1.70 

From  these  were  obtained  the  following 


Normal  Equations. 


+  172.29  Jr  —  26.03.-- 


+ 
+ 


26.03 
7.87 

65.36 
0.34 

11.63 


+  255.58 
+  418. !I5 
+  257.08 
+  1SI.7H 
-  37.07 


+      7.87?/   +   65.36  z 
+  418.95      +257.08 


+  729.31 
+  470.33 
+  23.21 
—  51.85 


+  470.33 

f 333.06 

+   27.83 

—  61.87 


—  0.34  J, 
+  19.79 
+  23.21 

+  27.8:; 
+  61.80 
—89.8;, 


—  11.63  w 

—  37.07 

—  51.85 

—  61.87 

—  89.85 

+  263.19 


+  301.  J  8 
—109.04 

—  99.03 
+  39.20 
+     0.52 

—  49.31 


The  solution  of  these  equations  gives 

JQ,  =  —28.76 

Ji  =   +    1.46 

Jr  —  —  0.1389 

J.7  =    +95.68 

j?  =  _  4.19 

J.l/,,  =  —80.34 

Applying  these  corrections,  the  reduction  to  1889.0,  and 
the  perturbations,  we  obtain  these  elements. 


log 

vi  —  9.45885m 

log 

J(3  =  7.45467 

log 

z  =  0.14287m 

log 

y  =.  9.98082 

log 

x  =  9.62169ti 

log 

Jv  =  0.33604 

Elements  II. 

1889  Feb.  24.0  Gr.  M.T. 

M  =  187°  31'  45".8 
=  332  23  7  .0 
=  254  28  36  .3 
=       2    21    38  .4 

9  =       8    37    58  .9 

ft  =  1089".  17 
=  0.3419406 


n 
i 


Mean  Equinox  and 
Ecliptic  1889.0 


logo 
from  which  the  following  ephemeris  was  computed. 
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l.-v-!l 

« 

8 

l°S  A 

1889 

a 

8 

log  a 

Feb.    16.5 

10 

h        ii 

44 

s 

57.55 

o 

+  3 

50 

20.7 

0.191424 

Mar.     3.5 

1(1 

W 

14.83 

+  5° 

17  40*4 

17.5 

43 

59.06 

55 

40.ii 

1.5 

28 

14.28 

23  46.4 

0.186977 

18.5 

42 

59.93 

+  4 

1 

5.3 

5 . 5 

27 

44.2.') 

29   51.7 

19.5 

42 

0.23 

6 

36.4 

6.5 

26 

44.72 

35  56.0 

20.5 

41 

It. 01 

12 

12.7 

0.188377 

7.5 

25 

»5.82 

41    5S.9 

21.5 

39 

59.35 

17 

54.1 

8.5 

24 

47.60 

48     0.0 

0.189108 

■2-l.b 

38 

58.31 

23 

39.9 

9.5 

23 

50.14 

53  58.7 

23.5 

37 

56.98 

29 

29.7 

L0.5 

22 

:,:\.  50 

59  54.6 

24.5 

36 

55.43 

35 

23.] 

0.186601 

1  1.5 

21 

57.73 

+  6 

5  4  7.5 

25.5 

35 

53.73 

41 

L9.7 

12.5 

21 

2.90 

11   36.8 

0.192461 

26.5 

34 

51.97 

47 

19.1 

13.5 

20 

9.10 

17  22.1 

27.5 

33 

50.21 

53 

20.7 

1  1.5 

19 

16.36 

23     3.1 

28.5 

32 

18.54 

59 

24.1 

0.186133 

15.5 

18 

24.72 

28  39.6 

Mar.      1.5 

31 

47.04 

+  5 

5 

28.8 

16.5 

10 

17 

34.23 

+  6 

.11    11.2 

0.196962 

2.5 

10 

30 

45.77 

11 

34.4 

( (pposition  Feb. 

25.     Mag.  12.1. 

EPHEMBRIS   OF    \ 'AIMAI5LKS   OF   THE 

Approximate  Greenwich  M.T.,   L889. 
For  remarks  and  comparison-stars  see  Vol.  VII,  p.  187  foil.     Also, 
extremely  uncertain,  probably   by  several   hours;  see  Vol.   VIII,   p 


.IM/O/.-TYPE. 


February 


/.   Tauri 
/■'  Canis  Maj. 
U  Cephei 
U  <  (phiuchi 

Algol 
1 '  <  (phiuchi 
F  Cygni 
S  (  ancri 
U Coron.  Bor. 
8    Librae 
FCygni 
f '  (  ephei 
/.    Tauri 

Algol 
F  (  vgni 
R  Canis  Maj. 

V  Cephei 

V  <  (phiuchi 
FCygni 

R  Canis  Maj. 
{/Ophiuehi 
R  Canis  Maj. 
F  (vgni 
a    Tauri 
U  Cephei 
R  Canis  Maj. 
( '  Coron.  Bor. 
F Cygni 
(S    Librae 
R  Canis  Maj. 
FCygni 
U  Cephei 
U  Ophiuehi 
S  Canei'i 
U  Ophiuehi 
F  Cygni 
U  Ophiuehi 
U  Cephei 
F  Cygni 
R  Canis  Maj. 
F  Cygni 


9 

9 
9 
9 

lo 

10 
10 
10 
10 

11 

12 
12 
13 
13 
13 
14 
14 
14 
15 
15 
15 
16 
16 
17 
17 
17 
17 
18 
18 
is 
19 
19 
19 
20 
20 
21 
21 
22 
22 
23 
24 


9 
19 
20 

21 
13 
18 
18 
20 
22 
17 
6 
i 

8 

lo 

18 

9 

19 
22 
6 
12 
18 
15 
18 


18 

19 

6 
17 
22 
is 
19 
23 

7 
19 

6 
15 

7 
18 
10 

6 


February 

R  Canis  Maj.  24  1  1 

U  Coron.  Bor.  24  17 

U  Cephei         24  19 

Algol           2  1  21 

8    Librae         25  16 

/,'  (  anis  Maj.  25  17 

F(  ygni      '    25  18 

U  Ophiuehi     26  16 
1!  Canis  Maj.  26 
I '  Cephei 
F  (vgni 


8    Librae 
I    phei 
R  (  anis  Maj 
F  ( ygni 
U  Ophiuehi 
/.'  CanisMaj.  13   11 


March 

11    15 

11  18 

12  11 

12    18 

12   ■>■> 


Algol 
FCygni 


27 

27 
27 
28 


20 

6 
6 
18 
18 


March 

{/<  ephei  1  18 

N  Cancri  1  19 

FCygni  2  6 

Algol  2  15 

U  Ophiuehi  2  20 

R  Canis  Maj.  3  9 

I '  ( loron.  Bor.  3  15 

U  Ophiuehi  3  16 

FCygni  3  18 

{/Cephei  I  6 

R{  anis  Maj.  4  12 

8    Librae-  I  16 

FCygni  5  6 

Algol  5  12 

R  (  anis  Maj.  5  16 

/    i  ephei  6  18 

FCvgni  6  is 

/,'  (  anis  Maj.  6  19 

U  Ophiuehi  7  22 

FCygni  8  6 

U  Ophiuehi  8  18 

U  Cephei  9  6 

FCygni  9  18 

FCygni          11  6 

S  Cancri         11  7 

R  Canis  Maj.  1 1  8 


U  Ophiuehi  13 
FCygni  14 

I '  ( (phiuchi  1  4 
R  Canis  Maj.  11 
FCygni  15 

V  Cephei  16 
FCygni  17 

8    Librae  18 

FCygni  18 

[/Ophiuehi      18 
B  Canis  Maj.  19 
(/Ophiuehi      19 
Algol  in 

FCvgni  20 

/,'  Cam's  Maj.  20 
.S   Cancri  20 

U  Coron. Bor.  20 
R  CanisMaj.  21 
D  Cephei  21 
FCygni  21 

Algol  22 

R  Canis  Maj.  22 
23 
23 
24 
24 
25 
25 
25 
26 
26 


FCygni 

I '  i  tphiuchi 
U  <  >phiuchi 
FCygni 
U  ( (phiuchi 

AC.. I 
8   Librae 

Y  Cygni 
U  Cephei 

Y  Cygni  2  7 
U  Coron. Bor.  27 
R  CanisMaj.  28 
U  Ophiuehi     28 


19 

6 
15 

18 
is 
17 

6 

15 
is 
19 

7 
15 
20 

6 

10 
is 
21 
13 
17 
18 
16 
16 

6 
19 
it; 
18 
12 
13 
11 

6 

17 
18 
19 

9 
21 


,  it  should  be 

loted  thai  the  times  for 

130. 

March 

FCygni 

29 

1) 

6 

1    Ophiuehi 

R  Canis  Maj 

29 

12 

FCygni 

1 '  ( (phinchi 

29 

17 

V  Ophiuehi 

S  (ancri 

30 

6 

8    Librae 

U  ( (pbiuchi 

30 

13 

R  (  anis  Maj. 

1!  Canis  Maj. 

30 

15 

1 '  ( 'ephei 

V  Cygni 

30 

18 

)"  Cygni 

U  Cephei 

31 

16 

R  Canis  Maj. 

Algol 

April 

U  Coron.  Bor 

FCygni 

1 

6 

FCygni 

8    Librae 

1 

14 

1 '  ( (phiuchi 

FCygni 

2 

18 

F  ( 'ygni 

U  Ophiuehi 

2 

21 

U  Ophiuehi 

U  Coron.  Bo 

16 

U  Ophiuehi 

U  Ophiuehi 

3 

18 

U  Cephei 

F  (  ygni 

4 

6 

F  Cygni 

U  <  )pliiuehi 

1 

14 

R  Canis  Blaj. 

1!  (  anis  Maj 

5 

8 

FCygni 

1 '  ( lephei 

5 

16 

R  Canis  Maj. 

)'  (  ygni 

5 

18 

8    Librae 

/'  Canis  Maj 

6 

11 

R  Canis  Maj. 

F  Cygni 

7 

6 

FCvgni 

R  Canis  Maj 

7 

14 

V  <  (phiuchi 

U  Ophiuehi 

7 

22 

U  Coron.  Bor 

8    Librae 

8 

14 

R  Canis  Maj. 

N   Cancri 

s 

17 

{/Ophiuehi 

FCygni 

8 

18 

Y  ( 'ygni 

R  Canis  Maj 

8 

18 

U  Ophiuehi 

1 '  (  (phiucbi 

8 

18 

U  Cephei 

U  (  Ipllillelli 

9 

14 

FCygni 

>' Cygni 

10 

6 

S   <  'ancri 

U  Coron. Bor 

10 

14 

U  Coron.  Bor 

U  Cephei 

10 

16 

F  Cygni 

Y  Cygni 

11 

18 

{/Ophiuehi 

Algol 

11 

18 

8    Librae 

)'  Cygni 

13 

6 

FCygni 

R  Canis  Maj 

13 

7 

{/Ophiuehi 

1 '  ( (phiuchi 

13 

19 

R  Canis  Maj. 

R  CanisMaj. 

14 

10 

{/Ophiuehi 

Algol 

14 

15 

C  Cephei 

April 

.1      h 

14  15 

14  18 

15  11 
15  13 
15  13 

15  15 

16  6 

16  16 

17  12 
.     17  12 

17  18 

18  20 

19  6 
1!)  16 

20  12 
20  15 
20  18 


21 

22 

■>■> 


22  13 

23  12 
23   18 

23  21 
2  1    10 

24  15 

24  17 

25  6 
25    13 

25  15 

26  18 

27  17 

27  20 

28  6 

28  22 

29  12 
29   18 

29  is 

30  8 
30  14 
30   14 
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SUN-SPOT   OBSERVATIONS,  OCTOBER   1888   TO   FEBRUARY   1889, 

By  PAUL  S.  YENDELL. 

Tin'  following  observations  are  in  continuation  of  those 
published  in  No.  183  of  this  Journal,  p.  1 17.  and  were  made 
under  the  same  conditions  as  those. 

There  was  much  trouble  in  November  and  December  with 
bad  atmospheric  conditions,  and  also  on  account  of  the  situ- 


ation of  the  telescope  at  a  window  ;  the  latter  condition, 
however,  was  unavoidable  under  the  circumstances,  and  the 
disturbance  to  definition  from  this  cause  much  less  than  had 
been  feared. 


Date 

Time 

Gps. 

Sps. 

Date 

Time 

Gps. 

Sps. 

Date 

Time 

h      mi 

Gps. 

Sps. 

Date 

Time 

Gps. 

Sps. 

18S8 

1888 

ll            111 

i„. 

1889 

h      in 

( >d .      1 

22  30 

0 

0 

Oct.   30 

20    15 

0 

0 

Nov.  22 

21    15 

0 

0 

Jan.      3 

22   15 

0 

0 

O 

20  30 

0 

0 

31 

22  05 

ll 

0 

27 

21      0 

1 

4 

7 

21    15 

0 

0 

•      4 

21      0 

0 

0 

29 

21    15 

1 

7 

9 

22     0 

0 

0 

7 

21  45 

0 

0 

Nov.      1 

20  55 

0 

0 

10 

21     0 

0 

0 

'.I 

20  .".(> 

0 

0 

•> 

20  55 

0 

0 

Dec.     2 

21    15 

1 

9 

14 

21     0 

0 

0 

10 

20  25 

0 

0 

4 

20  40 

0 

0 

5 

21    15 

1 

3 

17 

21   45 

0 

0 

14 

20  30 

0 

0 

5 

22     0 

1 

8* 

6 

20  45 

1 

1 

20 

20  30 

0 

0 

15 

22   15 

0 

0 

6 

20  45 

1 

8 

9 

20  45 

(1 

(i 

22 

20  30 

0 

II 

16 

20  45 

1) 

0 

11 

20  45 

2 

12 

1 3 

21    55 

0 

0 

24 

20  •"■ll 

0 

0 

17 

20  40 

0 

0 

12 

20  35 

2 

5 

14 

21    15 

(i 

0 

27 

20  30 

0 

0 

18 

20  40 

0 

0 

13 

20    15 

2 

5 

20 

21    15 

1 

■> 

28 

l'ii  30 

0 

0 

20 

20  45 

0 

0 

15 

20    15 

•_> 

3 

27 

21    15 

0 

0 

30 

20  45 

0 

0 

24 

20  55 

0 

0 

16 

20  45 

1 

1 

28 

23     0 

0 

0 

31 

22    15 

0 

0 

25 

20  45 

1 

2 

19 

20    15 

1 

1 

31 

22   15 

0 

0 

28 

20  55 

0 

0 

20 

21      I) 

1 

2 

29 

20  55 

0 

0 

•_'l 

21      0 

1 

2 

Nil 

Oct.  1.  Thin  cloud.  —  Oct..  4.  Large  group  of  faculae  near  pr. 
limb.  Image  very  sharp. — Oct.  7.  Just  clearing;  definition  per- 
—  Oct..  9  and  10.  Air  very  bad.  — '.let.  18.  Sky  covered  with 
thin  cloud;  definition  tremulous.  —  (let.  20.  Seeing  very  bad. — 
Oct.  25.  Near  western  limb.  Seeing  rather  poor.  Oct.  28.  Through 
thin  cloud.  —  Nov.  1.  Air  rather  bad.  —  Nov.  2  to  (\.  Through  thin 
cloud. — Nov.  11.  Seeing  good.  —  Nov.  12.  Air  very  tremulous. — 
Nov.  15.  Group  of  two  large  spots  near  pr.  limb  accompanied  by  a 
large  and  bright  facula  on  the  foil.  side.  —  Nov.  20.  Seeing  poor. — 
Nov.  21.  Close  to  pr.  limb;  large  and  bright  facula  close  foil. — 
Nov.  22.    Short  views  through  driving  snow-clouds.  —  Dee.  2.    See- 

Boston,  1889  January  31. 


TES. 

ingpoor;  more  spots  might  probably  have  beeu  counted,  had  the 
definition  been  better. — Dec.  5.  Seeing  very  imperfect.  —  Dec.  6. 
Seeing  bad.  —  Dec.  13.  Seen  through  thin  snow-cloud;  image  all 
broken  up.  —  Dec.  14.  Seeing  poor.  —  Dec.  20.  Seeing  leaves  much 
to  be  desired:  spots  surrounded  by  extensive  faculae.  —  Dec.  27. 
Seeing  fair.  —  Dec.  28.  Seeing  bad.  — Dee.  31.  Seeing  poor.— 
IS89  Jan.  17.     Definition  good.  —  Jan.  20.     Air  rather  tremulous. — 

Jan.  21.     Seeing  good. Ian.  28.     Thin  film  of  snow-cloud:  seeing 

bad. — ran.  30.  Observation  through  thin  cloud:  image  sharp  and 
steady  .  —  Jan.  31.     Seeing  good. 


CORRIGENDA. 

No.  186,  p.  141,  col.  2,  for  £  Piscium  put  .  Piscium. 
No.  187,  p.   115,  col.   1,  for   U Herculis  put   »  Hercnlis. 

p.   148,  col.   1,   in  rectangular  coordinates  for  1889.0,  for  sin-  J  r.  put  sec*4«- 


CON T E N T s . 
On    mi    Computation   ok  the  Tkuk   Anomaly.  Radius-Vectob   \m>  Coordinates  in    Ellipses  oi    Great  Eccentricity,  by  Rev. 

I  ri  ORGH   M.    SEAR1  i 

New  Asteroids, 

Determination  of  the  Orbit  of  Asteroid  [270)    Inahita,  in   Mr.  W.  S.   Eichrlbergbk. 

Ephemeris  of  Variables  of  the  Algol-Type. 

Sun-Spot  Observations,  October  1888  to  Febri  xrv   1889,  by  Mr.  Paul  S.  Yknoei.i  . 

Corrigenda. 
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CONTRIBUTIONS    TO    THE    KNOWLEDGE     OF    THE    INEQUALITIES    IN    THE 

PERIODS   OF   THE   VARIABLE   STARS, 

By  S.  C.  CHANDLER. 
I. 


Since  tlie  classical  researches  of  Aki.ii  lnder,  which  formed 
such  an  epoch  in  the  theory  of  the  variable  stars,  revealing 
the  existence  and  formulating  the  laws  of  the  inequalities  to 
which  the  periods  of  a  few  of  them  are  subject,  the  study 
of  the  ever  increasing  fund  of  observations  has  brought  to 
light  many  more  phenomena  of  the  same  class.  An  abstract 
of  our  present  knowledge  of  the  numerical  laws  of  these  per- 
turbations has  been  given  in  the  introduction  to  my  cata- 
logue. It  is  proposed,  in  the  following  series  of  articles,  to 
present  the  original  investigations  on  which  were  based  the 
elements  of  that  catalogue,  with  some  extensions  and  im- 
provements since  made,  for  those  stars  whose  irregulari- 
ties of  period  were  found  to  be  amenable  to  any  reasonably 
simple  mathematical  law,  and  for  which  the  data  of  ob- 
servation sufficed  for  ascertaining  the  constants  certainly 
enough  to  give  the  hypothetical  elements  any  practical  value. 

2946.     R  Cancri. 

The  date  of  the  first  known  maximum  of  this  star  I  have 
taken  as  the  mean  between  the  times  inferred  by  A ro in- 
lander and  Schonfeld  from  Schwkrd's  magnitudes  in  the 
catalogue  to  hour  VIII  of  the  Berlin  charts.  The  other 
known  maxima  comprise  eight  by  Argelander,  one  by 
Auwers,  two  by  Schonfeld,  and  five  by  Schmidt.  Besides, 
there  are  six  estimates  of  the  magnitude  of  the  star  when 
near  maximum  in  1852,  in  the  Bonn  meridian  circle,  and  six 
others  in  1863  and  1864.  Also,  Pogson  observed  it  1856 
Feb.  '.*,  "  very  little  less  than  6M."  But  no  useful  informa- 
tion can  be  extracted  from  these  data.  The  star  has  also 
been  observed  in  recent  years  by  Hautwig,  Wilsing,  and 
the  writer,  but  no  times  of  maxima  have  been  published. 

Argei.ander  first  noted  that  the  observations  were  not 
consistent  with  the  assumption  of  a  uniform  period.  The 
elements  of  Schonfeld's  catalogue  were  based  on  the  obser- 
vations of  1850-1859.  In  my  own  catalogue  I  have  intro- 
duced a  secular  term  in  the  elements,  although  I  do  not  con- 


sider that  the  question  as  to  the  true  law  is  yet  free  from 
doubt  ;  for,  if  we  assume  only  22  periods  to  have  elapsed 
between  1830  and  1852,  and  that  the  mean  period  is  about 
360  days,  we  have  deviations  of  a  character  which  can  be  ex- 
plained by  a  cyclical  term  covering  about  35  or  40  periods. 
Thus,  I  have  given  in  the  table  two  sets  of  values,  0 — C, 
corresponding  to  two  hypotheses  as  to  the  elements,  viz  : 

(A)  1852  March  25.0  +  359.5    E 

(B)  1852  April    21.1  +  352.81  E  +  0.207  E2 

The  calculated  times  of  maximum  for  the  next  two  years 
are, 


Hypoth.  A. 
Epoch  38     1889  Aug.  19 

39  1890  Aug.  13 

40  1891  Aug.  8 


Hypoth.  B. 

1889  Oct.  30 

1890  Nov.  2 

1891  Nov.  6 


Careful  observations  within  this  interval  ought  to  distin- 
guish as  to  the  correct  hypothesis.  The  second  is  the  one 
that  I  adopted  for  the  catalogue. 

O— C 


E 

Observed 
Maximum 

A 

B 

Observer 

—23 

1830  May  22 

—69 

0.0 

Schwerd 

0 

1852  Apr.  27 

+  33 

+   5.9 

Argelauder 

+    1 

1853  Apr.    2 

+  13.5 

—  7.1 

u 

■> 

1854  Apr.  10 

+  27 

+  12.7 

(t 

3 

1855  Mar.  19 

+  10.5 

+    1.6 

.  1 

4 

1856  Feb.  28 

+   6 

+   2.3 

l< 

5 

1857  Feb.  23 

—  1.5 

—  0.3 

li 

6 

1858  Feb.  17 

—  2 

+  3.6 

u 

7 

1859  Jan.  27 

—  17.5 

—  7.9 

bi 

.. 

•■     Jan.  26 

—  18.5 

—  8.9 

Auwers 

18 

1869  Oct.  29     : 

—44      : 

—17.7: 

Schonfeld 

22 

1873  Oct.  26 

—24 

—  4.1 

(C 

26 

1877  Nov.    4      : 

+    8      : 

+  14.9: 

Schmidt 

29 

1880  Oct.  17.5 

+    8 

+   0.8 

•■ 

30 

1881  Oct.  31      : 

+  27      : 

+  14.3: 

i. 

31 

1882  Oct.    5 

+   6.5 

—12.1 

. . 

+  32 

L883  Oct.  23 

+  30 

+   5.0 

. . 
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3  1 .  , .      B  Lr,n<is  minor  is. 

From  circumstances  analogous  to  those  of  the  preceding 

star,  there  is  also  here  a  doubt  as  to  the  true  law  which  the 
decided  departures  from  a  uniform  period  actually  obey. 
Previous  to  the  discovery  of  variability  by  Schonfkld,  in 
1863,  there  is  no  known  observation  back  to  the  time  of 
Lalanhk.  who.  on  1796  March  19,  recorded  it  as  9a.  From 
the  neighboring  stars  in  the  same  zone,  Schonfeld  infers 
that  this  really  corresponds  to  7™.7.  Now,  the  maximum 
magnitude  of  the  star  is  only  exceptionally  as  faint  as  7M.5  : 
on  the  average  it  is  brighter  than  7M.  According  to  my  ob- 
servations, the  increase  is  very  much  more  rapid  than  the 
decrease,  at  least  near  maximum.  From  these  facts  I  con- 
clude thai  the  actual  maximum  did  not  occur  probably  more 
than  30  days  before,  or  60  days  after,  Lalanoe's  observa- 
vatiou.  Comparing  with  the  maximum  of  1865,  supposing 
67  periods  to  have  elapsed,  we  have  a  mean  period  within 
the  limits  374.9-376.2  days;  or,  with  68  periods,  within  the 
limits  360.3-370.6  days.  Taking  this  into  connection  with 
subsequent  maxima,  we  are  reduced  to  two  hypotheses, 
namely  :  (.1).  a  mean  period  of  about  370  days  with  a  peri- 
odical fluctuation  of  moderate  amplitude  and  duration  ;  (B), 
a  successive  shortening  of  the  period  since  Lalande's  time. 
Therefore,  as  in  the  case  of  the  preceding  star,  I  give  a 
comparison  of  the  observed  maxima  in  the  accompanying 
table  with  two  sets  of  elemeuts,  viz  : 

(-1)      1865  Mar.  22.0  +  370.5  E 

(B)      1865  Feb.    20.0  +  373.5  E  —0.033  E* 

The  element.-,  (  B)  were  selected  for  the  catalogue,  but  I 
am  not  at  all  certain  of  the  correctness  of  the  choice.  The 
calculated  times  of  maxima  for  the  next  two  years  are  : 

A  B 


0— C 


Epoch  24     1889  July  26 

1889  Aug.    18 

25     1890  July  31 

181)0  Aug.   25 

26     1891  Aug.   6 

1 89 1 

Sept.      1 

O- 

-<• 

E 

Observed 

.Maximum 

A                     B 

i  (bserver 

68 
67 

17116  Mar.  19 

—10.0 

-.:<! 

Lalande 

0 

1865  Feb.  25 

—25.0 

+    5.1) 

Schonfeld 

1 

1866  Feb.  2.", 

—34.5 

—   7.5 

ti 

2 

1867  Mar.    3 

—30.0 

—  5.!) 

. . 

3 

1868  Mar.    8 

—29.5 

—  8.2 

(C 

(I 

"     Mar.    8 

—29.5 

—  8.2 

Winnecke 

4 

1869  Mar.  13 

—30.0 

—  11.5 

Schonfeld 

5 

1870  Apr.    2 

—15.5 

+   0.3 

1 1 

6 

1871  Apr.    2 

—21.0 

—  7.8 

tc 

7 

1872  Apr.  26 

—  1.5 

+   9.1 

u 

8 

1873  May    4 

+    1.0 

+   9.1 

(C 

9 

1*74  May  14 

+   5.5 

+  11.2 

i  I 

10 

1875  May  23 

+   9.0 

+  12.3 

. . 

(  Hi-en  eel 

Maximum 

.1 

B 

i tbserver 

1875  May  26 

+  12.0 

+  15.:; 

Chandler 

1879  June    3.6 

—  0.4 

—  5.9 

Schmidt 

1880  June  21.0 

+  12.5 

+   4.'.) 

1881  June  23.3 

+  14.8 

+    7.2 

.  t 

1882  June  26.0 

+    6.5 

+    5.0 

. . 

1883  June  25   : 

0.0 

—  13.3: 

Chandlei 

••     July     2    : 

+    7.0 

—  6.3  : 

Sawyer 

1884  July  24   : 

+  24.5 

+    9.4  : 

1885  June  26 

—  9.0 

—25.8 

». 

E 

10 
14 
15 

17 

18 

19 
20 


3825.  It  Ursae  Majorix. 
In  the  column  of  remarks  of  the  catalogue,  it  was  stated 
that  the  elements  of  this  star  were  provisional,  the  real  char- 
acter of  the  manifest  deviations  from  uniformity  of  period 
being  uncertain.  The  idea  of  a  gradual  shortening  from  dis- 
covery to  the  present  time  does,  indeed,  conform  tolerably 
with  the  observed  maxima,  as  the  column  "B."  of  the  values 
(O — C)  below,  shows.  But  there  is  difficulty  in  reconciling 
it  with  some  magnitude-estimates  in  the  Radcliffe  meridian- 
circle,  made  a  few  years  previous  to  the  discovery  of  vari- 
ability. These  estimates  are  here  given,  together  with  the 
computed  times  of  maximum,  according  to  two  hypotheses 
as  to  the  elements  : 

Computed  Maxima 

Hypoth.  .4  Hypoth.  B 

1st:;  May  19      1843  Feb.  18 

1844  Mar.  17      1843  Dec.  22 

1848  May    2      1848  Mar.    3 

The  "two  hypotheses  as  to  the  elements  are  : 

(.4)      1853  Apr.     7.2  +  302  1  E  +  15.0  sin(10°  £+190°) 
(B)      1853  Mar.  12.5  +  305.4  E  —    0.075  Es 

Now,  the  star  attains  9". 5  about  31  days  before  maxi- 
mum, according  to  Schomfeld  ;  my  observations  make  the 
interval  somewhat  greater,  but  give  for  8M.5  an  interval  from 
maximum  of  not  over  20  clays,  either  way.  It  is  thus  evi- 
dent that  the  Radcliffe  estimates  are  incompatible  with  (J5), 
but  are  entirely  consonant  with  (A). 

According  to  hypothesis  (.4)  the  epoch  — 76  occurred 
1790  June  1.  which  falls  in  well  with  the  fact  that  Lalande, 
ou  1790  Mar.  15,  did  not  observe  the  variable,  but  did  re- 
cord its  neighbor. 

In  the  table  below  the  date  1843  May  15,  for  epoch  — 12. 
is  assumed  as  a  maximum  by  collating  all  the  Radcliffe  esti- 
mates above  given.  Comparison  with  both  sets  of  elemeuts 
is  made.  In  the  next  edition  of  the  catalogue  I  shall  adopt 
the  elements  (A)  ;  and  also,  for  the  principal  epoch  of  mini- 
mum, 1852  Dec.  21.2,  deduced  from  fourteen  minima,  the 
value  of  the  interval  from  minimum  to  the  succeeding  maxi- 


Date  of  (lbs. 

Mag 

1843   Apr.  25 
27 

8 
8.9 

1844  Mar.  15 

9 

20 

8.9 

1848  Apr.      1 

10 

N°  189. 
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mum  being  found  to  be  107  days.  The  computations  were 
made  without  the  observations  of  Knott  and  Baxendell. 
After  the  residuals  for  these  were  inserted,  it  was  seen  that 
a  slight  modification  of  the  constants  would  improve  the  re- 
sults, but  it  seemed  not  worth  while  to  repeat  the  calcu- 
lation.    The  above  elements  give  the  computed  times. 


—12 

+   2 

3 


10 
11 
15 

16 

17 

18 

19 


•20 


Maxima 

1889  Aug.  13 

1890  June   12 

1891  Apr. 

1892  Feb. 


11 
28 


( observed 
Maximum 

1843  May  15? 

1854  Nov.  22 

1855  .Sept.  15.5 
•■     Sept.  25.5 

"    Sept.  •-'>;.;> 

1856  July  10 

••     July  20.5 
L857  May  15 
••     May  20 
"      May    18 

1858  Mar.  16 
'<  Mar.  3 
"     Dec.  30 

1859  Jan.  5 
"     Jan.    16 

1861  June  19 

1862  Apr.  15 

1865  Aug.  29.5 
"     Sept.   8 

1866  July     4.(1 
"     July  20 

1867  Apr.  22.5 
(>     May    7 

1868  Mar. 
"  Mar. 
'•     Dec. 

1869  Jan. 
"  Jan. 
"     Nov. 


13 
8 

26 
3 

14 
3 


Nov .    1 

21 

1870  Aug.  28 

22 

1871  July     8 

•• 

■•     Julv    7 

23 

1872  Apr.  29 

(( 

"     May    8 

24 

1873  Feb.  25 

25 

"     Dec.  18 

26 

1874  Oct.  31 

27 

1875  Aug.  26 

28 

1876  June  17 

0- 


Minima 

1889  Apr.  28 

1890  Feb.  25 

1890  Dec.  24 

1891  Oct.   24 
-C 


A 

4 

2.9 
5.4 
4.1 
5.6 
7.1 
3.4 
1.3 
6.3 
4.3 
5.3 
7.7 
7.1 
1.1 
9.9 
—12.2 
—15.2 
+  1.0 
+  10.5 
+  4.8 
+  20.8 

—  7.4 
+  7.1 
+  13.4 
+  8.4 

—  3.3 
+  4.7 
+  15.7 
+    4.2 


+ 


+ 
+ 
+ 
+ 
+ 


+ 


+ 

+ 
+ 
+ 
+ 


+ 
+ 


2.2 

1.9 
8.1 
7.1 
0.5 
9.5 
0.8 
7.5 
7.1 
4.3 
1.2 


+ 
+ 


B 
+  84 
+   9.0 
+    1.5 
+  11.0 
+  12.5 

—  4.9 
+   5.6 

-  0.6 
4.4 
2.4 

-  0.2 

—  13.5 
—15.6 

—  it. 6 
+  1.4 
—26.0 
—29.8 
—11.1 

—  1.6 

—  5.7 
+  10.3 

—  16.1 

—  1.6 


+ 


+ 


+ 


6.6 

1.6 
8.0 
0.0 
11.0 
1.5 
0.5 
2.8 
9.0 
8.0 
3.0 
+  12.0 
+  3.1 
—  2.6 
+  12.8 
+  10.4 
+   5.1 


i  Himtv  er 

Bad.  M.C. 

Pogson 

Schonfeld 
i  ludemans 
Pogson 
Schonfeld 

Pogson 
Schonfeld 

Baxeudell 
Pogson 
Baxendell 
Auwers 

Pogson 

Baxendell 


Schonfeld 

Knott 

Schonfeld 

Knott 

Schonfeld 

Knott 

Schonfeld 

Knott 

Duller 

Schonfeld 

Knott 

Schonfeld 

Kuott 

Schonfeld 

Knott 

Schonfeld 

Knott 

Schonfeld 


Chandler 

Schmidt 


0— C 


E 
+  29 

30 

32 
34 
35 

36 


38 


39 


to 

41 

+  43 


i 
15 
16 
17 
18 
19 
20 
22 
30 
39 

40 
41 
42 


i ibserved 
Maximum 

1877  Apr.  23 
■•     Apr.   6 

1878  Jan.  28.2 
••     Jan.  27 

1879  Oct.     1.5 

1881  May  22.8 

1882  Mar.  26.7 
••      Mar.  24 

••     Dec.  31.7 

1883  Nov.  15 
••  Nov.  20 
••      Nov.  27: 

1XS4  Aug.  29 
••     Aug.31 

1885  July      1  : 
"     July     1 
"     June  28 

1886  Apr.  29 
"      May     1 

1887  Feb.  21 

1888  Oct.  22 


M 

1858 
1865 

1866 
1867 

1 868 
1869 
1871 
1877 
1885 


1886 
1887 


Sept.  15.9 

Apr.  28 
Mar.  18 
Jan.  11 
Nov.  21 
Sept.  17 
July  19 
Mar.  17 
Oct.  13 
Mar.  10 
Mar.  23 
Dec.  29 
Nov.  20 
Sept.  13 


A 
+    7.9 

—  9.1 

—12.5 
—1    .7 

—  1.5 

—  1.4 
+  7.0 
+   4.3 

—  12.5 
+  6.3 
+  11.3 
+  18.3: 

—  5.1 

—  3.4 
+   0  5: 
+   0.5 

—  2.5 
+  2.:; 
+   4.3 

—  0.7 
+    6.3 

—  9.2 
—19.6 

—  0.2 

—  5.9 
+   3.4 

—  0.2 
+   0.3 

—  1.9 
—16.7 

—  9.5 
+  3.5 
—15.7 
+  9.3 
+   4.5 


B 
+  14.0 

—  3.0 

—  6.8 

—  8.0 
+  3.0 
+  1.4 
+  9.1 
+    6.4 

—  11.0 
+  7.4 
+  12.4 
+  1K.4: 

—  4.4 

—  2.4 
+    2.0: 
+    2.0 

—  1.0 
+  4.5 
+  6.5 
+  3.2 
+  14.0 

—  11.2 
—25.1 

—  4.2 

—  8.1 
+  3.1 
+  1.5 
+  4.0 
+   5.5 

—  4.5 

—  1.5 
+  11.5 

—  7.0 
+  19.7 
+  17.5 


( >bserver 

Schmidt 

Knott 

Schmidt 

Knott 

Schmidt 


Knott 

Schmidt 
bt 

( 'handler 
Sawyer 
it 

Baxendell.  Jr. 

Sawyer 

Knott 

Sawyer 

Baxendell,  Jr. 

Knott 

Yendell 

Pogson 
Knott 


Baxeudell.  Jr. 


3994.     S  Leon's. 

Since  the  elements  inserted  in  my  catalogue  were  de- 
termined, a  review  of  the  subject,  in  the  light  of  data  later 
acquired,  leads  me  to  believe  that  we  can  with  advantage 
substitute  a  periodical  term  for  the  secular  one.  This  con- 
forms better  to  Wtnnecke's  maximum  of  1859  —  which  I 
was  formerly  inclined  too  much  to  distrust,  perhaps  —  and 
also  to  two  maxima,  not  very  satisfactory  ones,  observed  by 
me  in  1883. 

From  the  magnitude  estimate,  9.10,  of  a  meridian-circle 
observation  by  Paeisa  (A.N.  2221),  epoch  1878.17,  the  star 
must  have  been  quite  near  maximum  at  that  time,  and  it  ap- 
pears allowable,  in  view  of  the  paucity  of  recent  data,  to 
employ  this  in  the  table  of  observed  maxima  below. 
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The  element*  I860  Dec.  1  4-  190  £  +  25  sin(10°.E+60o) , 
a  comparison  with  which  is  shown  in  the  column  (O — C), 
afford  a  tolerable  representation  of  this  series.  They  give 
for  the  computed  times  of  the  next  few  maxima. 


Epoch  55 

1889  June 

18 

56 

Dec. 

24 

57 

1890  • 

J  uh- 

2 

58 

1891  . 

lan. 

8 

59 

• 

Inly 

18 

E 

( >bser\  t'<l  Max. 

O 

— C 

Observer 

-  3 

1859  May 

16 

— 

7.5 

Winnecke 

0 

1860  Dec. 

24 

+ 

1.4 

(< 

-    8 

1865  Feb. 

5 . 5 

— 

8.6 

Schonfeld 

10 

1866  Feb. 

21.0 

— 

0.5 

tt 

12 

1867  Mar. 

3.5 

+ 

3.5 

.4 

14 

1868  Mar. 

13.5 

+ 

7.9 

u 

16 

1869  Mar. 

21 

+ 

s.l 

4  . 

18 

1870  Mar. 

16 

— 

6.3 

44 

2H 

1871  Apr. 

;i 

+ 

5.6 

- 

22 

1872  Apr. 

18 

+ 

0.6 

Li 

26 

1874  May 

20 

— 

5.9 

a 

28 

1875  June 

2  + 

— 

? 

i  t 

:):; 

1878  .Mar. 

3      : 

+  18.5 

Palisa 

43 

1883  Apr. 

15      : 

— 

19.1 

Chandler 

44 

1883  Nov. 

12      : 

+ 

4.9 

" 

4521.     R  Virginia. 

The  period  of  this  star  has  been  investigated  by  Argel- 
andeh,  (A.N.  40,  pp.  361  foil.),  and  also  by  .Schonfeld, 
(A.N.  69,  p.  252,  and  78,  p.  135).  The  former  derived  an 
inequality  covering  about  98  periods  ;  but  in  the  light  of 
subsequent  observations,  both  the  duration  and  the  ampli- 
tude of  the  irregularity  appear  to  have  been  very  much 
understated.  .Schonfeld,  however,  made  no  attempt  to 
represent  the  systematic  deviations  from  a  uniform  period 
by  a  formula,  but  noted  merely  that  neither  a  simple  periodi- 
cal term,  nor  one  depending  on  the  square  of  the  time,  would 
suffice  for  the  purpose.  With  the  lapse  of  time  the  prospect 
of  success  in  the  attempt  to  establish  the  constants  of  a  more 
complex  formula  is  naturally  greater,  and  I  have  felt  war- 
ranted in  undertaking  the  investigation,  the  results  of  which 
are  here  presented. 

In  addition  to  the  48  maxima  and  11  minima  collected  by 
Schonfeld  in  the  places  above  quoted  —  including  Akgel- 
andeu's  Ep.  125  (A.N.  73,  p.  12) — we  have  the  following 
33  maxima  and  14  minima  since  observed. 

By  combining  these  observations  in  groups,  normal  epochs 
were  formed,  as  indicated  in  the  first  four  columns  of  the 
accompanying  table.  The  discussion  gave,  after  various 
approximations,  the  following  elements  : 

Max.  1809  June    0.8  1    ,    .  .  K  ._  „   ,    ..„  „    .    ,„._   ,   0iz>°\ 
Min.    1809  Mar.  24.3  }  +  U5A'  E  +  20-°  s,n^  L  +  216  > 

+     4.8siu(-*g5°E:+:!430) 


E 

Maxima 

Observer 

E 

Maxima 

Observer 

148 

68  May 

28.5 

Schonf. 

172 

77  Nov. 

30 

Schwab 

150 

69  Mar. 

19 

4  . 

17.-; 

78  Apr. 

28.8 

44 

152 

70  Jan. 

8 

•  4 

t  ( 

May 

3.2 

Schmidt 

153 

May 

31.5 

•• 

175 

79  Feb. 

9.6 

44 

155 

71  Mar. 

8 

" 

178 

■so  Apr. 

21.5 

" 

156 

Aug. 

8.2 

Schmidt 

LSI 

81  June 

2'.).  5 

Schmidt 

I5.S 

72  June 

1 

" 

183 

82  Apr 

16.6 

4  4 

160 

73  Feb. 

27 

Schonf. 

186 

83  June 

21.0 

44 

161 

July 

27 

Schmidt 

June 

20.0 

Sawyer 

163 

74  May 

8 

" 

187 

Nov. 

18 

(handler 

4  i 

May 

11 

Schonf. 

188 

84  Apr. 

11.0 

Sawyer 

165 

75  Feb. 

17 

Schonf. 

191 

85  June 

13 

44 

166 

July 

18 

Schmidt 

193 

86  Apr. 

8 

44 

168 

76  Apr. 

23 

Schwab 

*.  • 

Apr. 

9 

Gore 

&t 

Apr. 

23.5 

Schmidt 

196 

87  June 

17: 

Sawyer 

170 

77  Feb. 

17.5 

Schwab 

198 

88  Mar. 

31 

Yendell 

171 

July 

11.6 

Schmidt 

E 

Minima 

i  »bserver 

E 

Minima 

Observer 

156 

71  May 

28 

Schonf. 

166 

75  May 

5 

Schonf. 

u 

June 

1 

Schmidt 

171 

77  Mav 

■> 

Schmidt 

158 

72  Mar. 

24 

44 

173 

78  Feb. 

26.2 

44 

Mar. 

16 

Schonf. 

176 

79  Apr. 

29.5 

159 

Aug. 

5 

Schmidt 

179 

80  July 

9 

161 

73  May 

13: 

" 

1K1 

81  Apr. 

19.5 

44 

163 

74  Feb. 

25 

Schonf. 

184 

82  June 

30.5 

" 

The  deviations  of  the  observed  normal  epochs  from  the 
first  two  terms  of  this  expression  —  i.e..  from  a  uniform 
period  —  are  given  in  the  column  O — C  ;  then  follow  the 
values  of  the  first  periodical  term  in  the  sixth  column  ;  the 
subtraction  of  these  from  O — C  forms  the  column  O — C"; 
then  come  the  values  of  the  second  periodical  term,  which, 
subtracted  from  O — C",  give  finally  the  outstanding  differ- 
ences, O — C,  in  the  last  column.  The  comparison  of  each 
sine-term  with  the  column  of  residuals  immediately  preced- 
ing it,  will.  I  think,  establish  confidence  in  the  formula,  as 
an  approximate  expression,  at  least,  of  the  variations  in  the 
period.  That  the  second  sine-term  effects  a  very  material 
improvement  is  shown  by  the  reduction  of  the  sum  of  the 
squares  of  the  residuals  from  213.9  to  55.8  for  the  maxima,  and 
from  95.0  to  52.0  for  the  minima.  It  should  be  stated  that  the 
mean  value  of  the  period  and  the  law  of  its  inequalities  were 
deduced  entirely  from  the  maxima;  and  therefore  the  highly 
satisfactory  manner  in  which  they  conform  to  the  minima, 
as  shown  in  the  table,  is  strongly  confirmatory  of  the  law 
assumed;  and,  further,  is  evidence  that  the  inequalities  in 
question  pertain  to  the  period  and  not  to  the  light-curve. 

I  infer  that  the  outstanding  deviations.  ()  —  ('.  are  only  in 
small  part  due  to  errors  of  observation,  hut  are  mainly  the 
effect  of  errors  of  assumption  in  regard  to  the  law  or  its 
constants,  or  of  failure  of  the  phenomenon  itself  to  conform 
strictly  to  au  exact  law.  For  we  find,  from  seven  maxima 
common  to  two  observers,  that  the  probable  error  of  a  single 
observation  of  maximum  is  ±1''.7.  and  hence,  for  a  mean  of 
five,  ±0l'.7  ;  while  from  the  column  O — C  the  probable  devi- 
ation of  a  normal  epoch,  resting  on  five  maxima,  is   ±1J.8. 

The  present  elements  place  the  maximum  epoch  — 33  on 
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17!m;  March  27,  thus  within  eleven  days  of  the  date  when 
Lalandk  overlooked  the  star,  in  his  zone  of  1796  April  7, 
the  circumstances  of   which  have   been    fully  discussed    by 


Argelander  {11. li.  VI,  381).  But  the  actual  observations 
now  cover  so  large  a  range  in  time,  that  the  fact  of  the 
omission  possesses  little  significance  at  this  late  day. 


Group 


0-     7 

10-  20 

22-  37 

40-  50 

52-  58 

88-  98 

100-110 

112-120 

123-130 

140-150 

152-158 

160-166 

168-17:; 

175-183 

186-188 

191-198 


45-  53 
118-128 
141-148 
151-156 
158-161 
163-173 
176-184 


Table  of  Normal  Krorns. 


Mean 
Epoch 


No. 
(lbs. 


4 

15 

29 

45 

55 

94 

106 

116 

126 

145 

155 

163 

171 

179 

187 

194 


( (bserved 
Normal  Epoch 


First  Sine 
Term 


( )— C" 


Second 
Term 


1810 
1815 
1820 
1827 
1831 
1846 
1851 
1855 
1 859 
1867 
1871 
1874 
1877 
1880 
1883 
1886 


Dec. 

May 

Dec. 

Apr. 

Apr. 

Nov. 

Aug. 

Aug. 

Aug. 

Mar. 

Mar. 

May 

July 

Sept. 

Nov. 

Aug. 


21.1 

9.3 

1.1 

12.9 

11.9 

19.5 

30.0 

26.3 

26.1 

22.4 

17.1 

8.7 

9.9 

12.6 

15.2 

26.8 


—13.6 
—13.5 

—17.3 
—21.0 
—15.7 
+  11.5 
+  10.4 
+  13.0 
+  19.1 
+  20.5 
+  21.5 
+  6.3 
+    0.7 

—  2.3 

—  7.5 
—10.2 


49 

3 

124 

5 

145 

4 

154 

4 

159 

4 

1  68 

4 

180 

4 

1828  June 

1858  Aug.  28.0 

1867  Jan.  10.3 

1870  Aug.  12.0 

1872  Aug.  7.9 

1876  Feb.  23.2 

1880  Nov.  28.4 


MINIMA. 

1.4      —18.9 

+  15.4 
+  17.9 
+  18.3 
+  17.9 
+  2.9 
—  2.5 


—  13.7 

—17.8 
—20.0 
— 17. s 

—  14.1 
+  8.5 
+  14.G 
+  18.1 
+  19.8 
+  17.8 
+  14.1 
+  10.2 
+  5.6 
+   0.6 

—  4.4 

—  8.5 


—16.5 

+  19.6 
+  17.8 
+  14.6 
+  12.3 
+  7.4 
0.0 


+  0.1 

+  0.5 

+  4.3 

+  4.4 

+  2.7 

+  2.7 

-3.2 

—4.0 

-1.6 

—4.4 

+  3.0 

+  2.3 

—4.2 

—3.0 

—5.1 

—4.8 

—0.7 

—2.3 

+  2.7 

+  4.7 

+  7.4 

+  3.4 

—3.9 

0.0 

—4.9 

—3.4 

—  2.9 

—4.8 

-3.1 

—3.4 

-1.7 

—0.5 

—2.4 

—4.7 

—4.2 

—3.1 

+  0.1 

+  4.7 

+  3.7 

+3.9 

+5.6 

+  1.9 

—4.5 

—2.3 

—2.5 

—4.9 

(>— (' 


—0.4 
—0.1 
0.0 
+  0.8 
+  2.8 
+  0.7 

—  1.2 
—0.3 
+  1.6 
—2.0 
+  4.0 
—3.9 

—  1.5 
+  1.9 
+  0.3 

—  1.2 


+  2.3 
—  1.1 
—4.6 

—0.2 
+  3.7 
—2.3 
+  2.4 


The  elements  of  my  catalogue  were  adopted  as  mere  pro- 
visional substitutes,  pending  the  completion  of  the  above 
investigation,  whose  results  will  supplant  them  in  the  next 
edition. 

The  new  elements  furnish  the  computed  times  of  both 
phases  during  the  next  two  years,  as  follows  : 


,poch 

Maximum 

Minimum 

201 

1889  June  10 

1889  Apr. 

3 

202 

Nov.  3 

Aug. 

26 

203 

1890  Mar.  28 

1890  Jan. 

19 

204 

Aug.  20 

June 

13 

205 

1891  Jan.  13 

Nov. 

5 

206 

June  7 

1891  Mar. 

30 

207 

Oct.  30 

Aug. 

23 

4557.  S  Ursae  Majoris. 
The  light-curve  of  this  star  near  maximum  it  unusually 
Hat,  and  frequently  affected  by  irregularities  which  still 
further  increase  the  difficulty  of  assigning  the  true  instant  of 
maximum  phase.  Consequently  the  minima  are  much  more 
suitable  for  determining  the  period,  and  have  been  exclu- 
sively used  for  this  purpose  by  Schonfeld.     On   the  con- 


trary, the  observed  maxima  are  much  more  numerous,  and 
cover  a  wider  range  in  time.     I  have  employed  both  phases. 

A  cursory  inspection  of  the  observations  from  discovery 
down,  shows  a  distinct  general  lengthening  of  the  period,  at 
an  average  rate  of  0.204  days  for  each  recurrence;  whence 
the  term  0.102  E"  which  I  inserted  in  the  catalogue,  from  a 
discussion  of  the  maxima  between  1855  and  1886.  A  closer 
examination  of  the  series  extended  in  one  direction  by  three 
maxima  whose  timss  I  have  inferred  from  some  meridian- 
circle  estimates  of  magnitude  at  the  Radcliffe  Observatory  in 
1843,  1844  and  1849.  and  in  the  other  by  observations  in 
1887  aud  1K88  which  have  since  come  to  hand,  points  to  a 
modulation  of  the  rate  of  lengthening,  requiring  a  formula 
of  sines.  The  period  of  the  principal  inequality,  having 
scarcely  run  through  its  cycle,  is  quite  uncertain  :  but  is  ap- 
parently about  72  periods  of  the  star. 

Iu  the  accompanying  table  of  maxima  and  minima  the 
values  O — C  correspond  to  the  elements, 

Max.  1860  June  11.0 


Min.    1860  Feb.  24.5 


+  226.5  E 


The  deviations  for  both  phases  manifestly  follow  the  same 
law.      A  term   +40.0  siu(5°i<J+205°)   secures  an  approxi- 
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mate  representation  of  them,  but  leaves  residuals  outstand- 
ing which  may  lie  largely  disposed  of  by  a  still  further  term, 
+  13  siiuS^  +  Se0).  But  it  seems  best  to  resl  satisfied  with 
the  above  elements,  including  only  the  first  sine  term,  until 
a  few  more  years  of  observation  have  developed  the  irregu- 
larity further.  The  clew  afforded  by  the  estimate  of  9*  by 
Lalande.  1790  Mar.  7.  is  now  of  little  value,  as  the  true 
date  of  maximum  to  which  it  corresponds  may  be  50  or  60 
days  on  either  side,  for  the  reasons  given  at  the  beginning  of 
this  article.  The  uniform  period  above  gives  for  Ep.  — 113 
the  value  O— C  =  —18.5. 

I'siug  only  the  first  inequality,  with  the  40-day  coefficient, 
the  calculated  times  of  the  next  few  phases  are  : 


29 


24 


1!) 

The  initials  of  observers  in  the  table  are  :  Au  for  Auwers, 
Bx  for  J.  Baxendell  (italics  for  the  father,  roman  for  the 
son),  Ch  for  Chandler,  Dr  for  Duner,  Ku  for  Knott,  P 
for  Pogson,  Sd  for  Schonfeld,  Sm  for  Schmidt,  Sr  for 
Sawyer,  Yu  for  Yendei.l,  and  RO  for  Radcliffe  Observa- 
tory. 


E        Maxima 


O— C  Obs.       E 


Maxima 


O— C  Obs. 


Cpoch 

Maxima 

Minima 

47 

1889  Sept.  15 

1889  May 

48 

1890  Apr.   27 

1890  Jan. 

49 

Dec.     9 

Aug. 

50 

1891  July    24 

1891  Apr. 

51 

1892  Mar.     6 

Nov. 

E 


Maxima 


0— C  Obs. 


E 


—28  43  Apr.  11 

27   44  June  1  : 

18  49  May  23 

8  55  June  17 
"        July     7.5 

7  50  Feb.  11 
6 


+  71.0  RO—  2 


+  35.0:  " 
+  40.0    " 
—  9.0  P 
+  11.5  Sd 
+    3.5  P 


Sept.  24.5  +  3.5  .Sd 

Sept.  14      —   7.0  P 
5  57  May     5.5        0.0  Sd 


Maxima 

59  Mar.     2 

Oct.    15 

61  Jan.  21 

64  Feb.    5 

8  65  May     1 

9  Dec.  22 
Dec.  28 

10   66  Aug.  16 
Aus.  12 


—  1 

+    1 
6 


3  58  July  25      +    2.5  Bx  +  11    67  Mar. 


0— C  obs. 

—  14.0  Au 
—13.5    " 

—  2.5  Bx 

—  25.0  " 
—27.0  Sd 
—18.5  " 
—12.5  Kn 

—  7.0  " 

—  12.0  Sd 
—30.5  " 


+  11 

07  Mar. 

2 

— 36.5  Kn 

+  31 

79  Sept.    2 

+    0.5  Sm 

12 

Oct. 

19 

—32.0  " 

32 

80  Apr.  20. £ 

+   5.8  " 

13 

68  June 

5 

—28.5  " 

33 

Dec.     7.8  +10.3  - 

4 i 

Juue 

3 

—30.5  Sd 

34 

81  July  27.3  +15.3   ' 

14 

69  Jan. 

7 

—39.0  Dr 

35 

82  Mar.  13 

+  17.5   •• 

(f 

Jan. 

14 

—32.ii  Sd 

LL 

Mar.    1 

+   5.5  Kn 

a 

Jan. 

12 

—34.0  Kn 

36 

Nov.    1 

+24.0  Sm 

15 

July 

18 

—73.5  " 

37 

83  June    6 

+  14.5  Ch 

U 

July 

30 

—61.:.  sd 

" 

Juue  14 

+  22.5  Sm 

16 

70  Mar. 

:\ 

—72.0  " 

U 

June  16 

+  24.5  Sr 

17 

Nov. 

29 

—27.5   " 

38 

84  Jan.  18 

+  14.0  Ch 

18 

71  July 

19 

—22.0   " 

39 

Sept.  17 

+  30.5  Sr 

L  t 

June 

30 

—41  ll  Kn 

" 

Sept.  20 

+  :;:i.5  Bx 

1!) 

72  Mar. 

1 

—22.5  Sd 

40 

85  May     .". 

+  34.(1  Kn 

20 

Oct. 

7 

—29.0  '■ 

Li 

M  ay     7 

+36.0  Sr 

21 

73  May 

11 

,—39.5  " 

(( 

May     7 

+  36.0  Bx 

22 

Dec. 

4 

— 58.0   " 

41 

Dec.  25 

+41.:.  •• 

23 

74  Aug. 

23 

—23.5  " 

" 

Dec.  25 

+41.5  Kn 

24 

7.">  Mar. 

24 

—37.0  " 

42 

82  Aug.  10 

+  43.0  " 

27 

77  Mar. 

5 

—  4.5  Kn 

43 

87  Mar.  13 

+  31.5  '« 

28 

Sepf 

26 

—26.0  " 

44 

Nov.     1: 

+  38.0  " 

+  29 

78  May 

7 

—29.5   " 

+  45 

88  June  16 

+  39.5  Yn 

E 

Minima 

0— C  obs. 

E 

Minima 

O— C  Obs. 

—  7 

55  Oct. 

24 

+    1.0  P 

+  17 

70  Aug.    2 

—39.0  Sd 

—  6 

56  June 

14 

+   8.5   " 

18 

71  Mar.  17 

—38.5  •• 

—  3 

58  Apr. 

30 

+  14.0  B.r 

Li 

Mar.  19 

—36.5  Kn 

+    2 

61  May 

19 

—  3..".   •■ 

19 

Nov.    1 

—36.0  Sd 

9 

65  Sept 

1 

—23.0  Sd 

20 

72  Juue  16 

—34.5  " 

" 

Sept 

5 

—  19.0  Ku 

21 

73  Jan.  28 

—35.0  " 

10 

66  Apr. 

7 

—31.5  " 

23 

71  Apr.  24 

—37.0  - 

(t 

Apr. 

9 

—29.5  Sd 

24 

Nov.  25 

—48.5   •• 

11 

Nov. 

24 

—27.0  " 

28 

77  June  22 

—14..".  Kn 

£  t 

Nov. 

26 

-25.0  Ku 

38 

83  Oct.     4 

+  15.5  Ch 

12 

67  July 

13 

—22.5  " 

40 

85  Jan.    16 

+  32.5  Bx 

Li 

July 

7 

—28..".  Sd 

41 

Allcr.  28 

+30.U  •• 

13 

68  Feb. 

12 

—35.0  Kn 

" 

Aug.  30 

+  32.0  Kn 

14 

Oct. 

3 

—27.5  " 

43 

86  Dec.     2 

+  38.0  " 

■    15 

69  May 

11 

—34.0  Sd 

f  . 

Dec.    8 

+  44.0  Bx 

16 

Dec. 

16 

—41.5  •• 

+  44 

87  July  11 

+  32.5  Ku 

+  " 

Dec. 

26 

—31.5  Kn 

OBSERVED   MAXIMUM   OF    U  OBIOMs. 

By  PAUL  S.  YENDELL. 


From  1888  November  30,  to  1889  February  3,  1  obtained 
a  series  of  thirty-eight  observations  of  U  Oriouis. 

At  the  first  mentioned  date,  the  star's  light  was  estimated 
to  be  1  step  >DM.  20°1156,  equivalent  to  about  7\1; 
it  increased  steadily  and  rather  quickly  until  December 
18,  when  it  was  4  steps  <DM.  19°1126,  or  6M.4,  at  which 
brightness,  with  some  fluctuations,  to  be  hereafter  noted,  it 
remained  until  1889  January  7  or  8.  From  this  date  it 
declined,  rather  more  slowly  than  it  had  increased,  until  at 
the  last  observation  of  the  series,  1889  February  3,  its 
brightness  was  about  the  same  as  at  the  first. 

Dorchester,  Mass.,  1889  February  18. 


A  general  light-curve,  drawn  after  a  careful  consideration 
and  weighing  of  the  observations,  assigns  1888  December 
27.5  for  date  of  maximum.  This,  however,  is  not  the 
date  of  the  greatest  observed  light  ;  between  December  22 
and  25.  the  observations  indicate  a  rise  of  about  0.2  of  a 
magnitude,  followed  December  27  by  a  very  sharp  and  sud- 
den fall  of  quite  half  a  magnitude  ;  this  observation  was 
carefully  made,  and  fully  confirmed  by  another,  taken  about 
five  hours  later  on  the  same  evening.  On  December  29  it 
was  again  observed  at  its  average  maximum  brightness. 
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A  COMPARISON  OF  THE  POSITIONS  OF   STARS   IN   PBAESEPE  DERIVED  BY 

DR.  B.  A.  GOULD  FROM  PHOTOGRAPHS,  WITH  THE  POSITIONS 

OBSERVED   BY  PROFESSOR   A.   HALL,   U.S.N. 

By  Ensign  H    S.  CHASE,  [J.S.N. 
[Communicated  by  Capt.  K.  1..  Phythian,  r.s.X..  Superintendent  of  Naval  Observatory.] 


Dr.  Gould's  positions  are  published  in  the  Memoirs  of  the 
National  Academy  of  Sciences,  Vol.  IV,  Part  I,  and  Profes- 
sor Hall's  in  the  Washington  Astronomical  and  Meteoro- 
logical Observations,  1867,  Vol.  XIV.  Appendix  IV .  Dr. 
Godld'9  positions  are  deduced  from  measurements  of  pho- 


tographs made  by  Mr.  Rutherfurd.  Professor  Hall's 
positions  depend  on  filar-micrometer  measurements  with  a 
'.i.i-iiu-h  equatorial,  and  have  been  brought  forward  to  the 
epoch  of  Dr.  Gould's  positions  by  means  of  the  coefficients 
of  precession  giveu  in  Professor  Hall's  catalogue. 


Goci  D 

Hall 

Gould 

Hall 

Gould 

Hall 

No. 

No. 

« 

a 

G— H 

8 

8 

G— H 

h   in    s 

b   in    8 

g 

o    f           ft 

r>        1            ft 

rr 

1 

23 

8  29  58.13 

8  29  58.09 

+0.04 

20  11  37.8 

20  11  37..", 

+  0.5 

2 

26 

30  2.38 

3d  2.37 

+  0.01 

19  58  46.4 

19  58  4  7.8 

—  1.4 

3 

29 

9.12 

9.12 

0.00 

43  43.0 

43  4.",. 7 

—  0.7 

4 

43 

58.50 

58.11 

+  0.06 

20  27  11.0 

20  27  11.8 

—  0.8 

5 

49 

31  24.24 

31  24.27 

—0.03 

27  50.4 

27  52.1 

—  1  7 

6 

52 

27.62 

27.62 

0.00 

8  29.0 

8  29.1 

-  0.1 

7 

53 

30.91 

30.86 

+  0.05 

3  25.5 

3  25.4 

+  0.1 

8 

61 

32  3.32 

32  3.25 

+  0.(t7 

33  7.4 

33  9.5 

-  2.1 

9 

62 

4.00 

4.00 

0.00 

14  40.0 

11  11.2 

—  1.2 

10 

63 

7.38 

7.36 

+  0.02 

19  44  29.2 

19  11  29.9 

—  0.7 

11 

65 

12.69 

12.64 

+  0.05 

20  0  25.9 

20  0  27.6 

—  1.7 

12 

68 

18.48 

18.45 

+  0.03 

2  57.0 

1  11.3 

(  +  105.7) 

13 

71 

19.77 

19.77 

0.00 

0  29.4 

o  .",1.0 

—  1.6 

14 

78 

27.21 

27.20 

+  0.01 

28  28.5 

28  30.1 

—  1.6 

15 

81 

32.36 

32.32 

+  0.04 

26  17.6 

26  18.4 

—  0.8 

10 

91 

44.77 

44.78 

—0.01 

18  9.3 

18  11.4 

—  2.1 

17 

93 

47.14 

46.98 

(  +  0.16) 

38  58.8 

39  0.4 

—  1.6 

18 

86 

40.19 

40.2(1 

—0.01 

19  59  58.1 

19  59  59.2 

—  1.1 

19 

88 

42.72 

42.7  1 

—0.02 

49  0.0 

49  2.4 

—  2.4 

20 

87 

42.43 

42.49 

—0.06 

20  9  15.5 

20  9  15.9 

—  0.4 

•21 

90 

43.82 

43.85 

—0.03 

8  15.4 

8  15.4 

0.0 

22 

96 

49.07 

19.09 

—0.02 

0  45.7 

0  4  7.4 

—  1.7 

23 

98 

56.03 

56.01 

+  0.02 

19  39  44.0 

19  39  46.5 

—  2.5 

24 

100 

33  2.16 

33  2.19 

—0.03 

41  43.4 

41  49.4 

(—  6.0) 

25 

102 

4.85 

4.87 

—0.02 

20  11  15.7 

20  11  16.5 

—  0.8 

26 

107 

18.34 

18.38 

—0.04 

2  57.6 

2  59.2 

—  1.6 

27 

112 

35.00 

34.98 

+  0.02 

23  29.5 

23  31.8 

—  2.3 

28 

113 

41.33 

41.38 

—  o.o.-, 

19  43  51.4 

19  43  53.5 

—  2.1 

29 

L27 

34  13.85 

34  13.79 

+  0.06 

20  37  49.4 

20  37  51.9 

—  2.5 

30 

126 

11.53 

11.54 

—0.01 

20  42.6 

20  45.0 

—  2.4 

31 

131 

8  34  29.18 

8  34  29.18 

0.00 

19  52  59.0 

19  53  1.9 

—  2.9 

Rejecting  the  numbers  inclosed  in  parentheses,  which  seem 
to  be  due  to  errors  of  observation  or  reduction, 

J«  =  +08.005  ±0".004,  J3  =  — 1".39  ±0".ll  ; 

1889  February  26. 


the  probable  error  of  a  single  difference  in  right-ascension  is 
±0\023,  and  in  declination,  ±0".60. 


TOTAL   SOLAR  ECLIPSE   OF   1889  JANUARY   1. 


Prof.  Hall,  Home  Secretary  of  the  National  Academy  of 
Sciences,  transmits  the  following  observations,  sent  him  by 
Mr.  J.  S.  Torrence,  B.S.,  College  City,  California. 

They  were  made  with  a  telescope  of  two  inches  aperture, 
and  in  mean  time  of  the  120th  meridian  west  of  Greenwich. 


First  contact. 
Beginning  of  totality, 
End  of  totality, 
Last  contact. 


0  26  41  p.m. 

1  51  30  " 
1  52  50  " 
3  10     2  " 
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CORRECTIONS   TO   THE    LICK   OBSERVATORY    TIME-SIGNALS   FOR  DEC.  30.0, 

DEC.   31.0,   JAN.    1.0   AND  JAN.   2.0, 

By  J.   M.   SCHAEBERLE,  Astronomer  ok  the  Lick  Observatory. 

The  following  corrections  to  the  time-signals  sent  from 
this  Observatory  are  published  for  the  benefit  of  those  ob- 
servers  of  the  last  solar  eclipse  who  desire  to  obtain  more 
accurate  data. 

The  corrections  to  the  standard  sidereal  clock  were  obtained 
on  the  evenings  of  Dee.  29,  30,  31.  Jan.  1  and  Jan.  l'. 
■y  7. 


Date 

Corrections  to  reduce  to 
Pacific  Standard  Time 

■  --- 

Dec. 

30.00 

+  0.98 

1888 

Dec. 

31.00 

+0..;:, 

-- 

Jan. 

1.00 

— 0.1* 

1889 

Jan. 

2.00 

fO.Ol 

ON  A  SEARCH  FOR  THE  COMET  REPORTED  1889  JAN.  15,  BY  MR.  BROOKS. 


Brooks's  comet,  reported  to  have  been  discovered  January 
15,  has  been  searched  for  here,  but  without  success,  on  the 
following  mornings,  January  17  and  18,  being  cloudy.  The 
dates  refer  to  the  civil  day. 


By  E.  E.   BARNARD,  Astronomer  of  the  Lick  Observatory. 

January  29.     — 15:  to  — 30°: 
January  30.     — 15"  to  — '■'>'•'  ; 


February  •'!.     — IV  to 


10c 


17"  30m  to  18h  0m,  until  6\ 
15h  30m  to  16h  20m.  until  6h. 
14   00m  to  16h30m,  until  6h. 


January  19.     Very  slight  haziness.     S  =  — 1'."    to  — 25c 
a  =   17h  45'"  to  S.E,  horizon  at  6h. 

January  20.     Sky  good.    —17°  to —26°;    1  7"  45™  to  S.E. 
horizon  at  6h  15m. 

January  21 .     Cloudy. 

January  23.     Covered  the  same  regions  as  on 
6\ 

to  — 263 


./'  .  j.     — 1^ 

6h.     Frequent  fog. 

January  26.     — 16°  to  — 27c 
until  6h. 

ary  28.     —14=  to  —30° 
€'"  15'". 


20th  until 

17     10"    to    l« until 

16'    •">!>     to  S.E.   horizon. 
16"  15m  to  18h   10*".   until 


These  surveys  were  carefully  made  with  the  12-inch  equa- 
torial, with  a  field  of  42'.  power  80  diameters  :  the  recorded 
declinations  being  for  the  centre  of  the  field.  Xo  nebulous 
object  was  seen  that  could  not  be  identified  in  N.G.C.  Up 
to  the  last  three  mornings  the  moon  interfered,  more  or 
with  the  search. 

On  the  morning  of  January  28,  Dr.  Swift,  who  was  then 
on  a  visit  to  the  Observatory,  searched  thoroughly  for  the 
comet  with  the  4-inch  broken-tube  comet  seeker,  but  found 
nothing  that  was  not  identifiable,  covering  all  the  S.E.  sky. 
He  also  subsequently  covered  the  same  region  ou  several 
mornings. 


A  D  VERTIS  E  M  E  N  T  . 

A  volume  of  the  Astronomical  Journal  consists  of  twenty-four  numbers,  with  table  of  contents  and  alphabetical  index. 
The  price  of  subscription  is  $5.00,  payable  in  advance,  to  which  is  to  be  added  the  expense  of  postage,  when  addressed  to 
countries  not  in  the  international  postal  union. 

^ome  coi»ies  of  earlier  volumes  are  still  remaining,  and  all.  excepting  the  first  three,  may  be  obtained  at  the  same  price. 
Single  numbers,  when  available,  will  be  furnished  fur  $0.25  each. 

No  discount  is  made  to  bookseller.^  :  but  remittances  can  be  conveniently  sent,  by  postal  money-order,  to  the  Editor,  at 
•         ridge,  Massachusetts. 
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SOME   OBSERVATIONS   OF 

By  EDWIN 
1.     g  Hereulis. 

The  observations  on  this  star  number  '■'>■'>.  and  extend  from 
April  2  to  November  3. 

The  light-fluctuations  during  the  year  have  been  of  a  less 
decided  character  than  has  been  the  case  for  some  years 
past  :  the  extreme  range  being  not  over  half  a  magnitude. 
The  observations,  however,  when  charted,  permit  the  cer- 
tain determination  of  2  maxima  and  1  minimum.  From  April 
2,  the  date  of  the  first  observation,  up  to  May  16,  a  period 
of  44  days,  the  brightness  remained  apparently  constant. 
The  series  is,  however,  much  broken  between  these  dates,  and 
notably  from  April  2  to  13  and  from  April  16  to  May  6.  From 
May  16  to  June  1 ,  the  brightness  rapidly  increased,  and  a  faint 
maximum  was  passed  on  June  3.  The  decrease  after  June  5, 
although  slight,  was  sudden  ;  and  the  light  remained  station- 
ary until  August  25,  a  period  of  75  days.  The  minimum 
was  passed  about  July  18.  A  slight  increase  took  place 
after  August  25.  and  a  second  and  faint  maximum  was 
reached  on  September  11.  The  interval  between  the  two 
maxima  was  thus  100  days.  The  light  suddenly  fell  after 
September  24.  and  remained  constant  until  the  observations 
terminated,  November  3. 

2.  R  Scuti. 

44  observations  of  this  star  were  obtained  ;  extending 
from  June  1  to  December  6.  Breaks  occur  in  the  series 
from  September  5  to  24,  October  8  to  21,  and  November  7 
to  December  6.  The  fluctuations  in  light  during  the  year  were 
not  of  a  very  decided  character,  and  only  2  maxima  and  1 
minimum  are  certainly  shown.  From  June  1  to  August  4,  a 
period  of  64  days,  the  light  appeared  sensibly  constant. 
After  August  4,  the  star  slowly  brightened  ;  and  a  rather 
bright  maximum  was  passed  on  August  30.  Light  =  20.0. 
The  light  rapidly  declined  after  September  2,  and  a  bright 
minimum  was  reached  on  October  1.  Light  =  13.5.  After 
a  rapid  rise  a  second  maximum  was  passed  on  November  7. 
Light  =  20.2.    The  interval  between  the  2  maxima  69  days. 

3.  R  Lyrae. 

A  very  fair  series  of  observations  (34  in  number)  was  ob- 


1888, 


VARIABLE   STARS   IN 

F.    SAWYER. 

tained  on  this  star,  extendiug  from  June  1  to  November  3. 
From  these  observations  6  well  determined  maxima  and  mini- 
ma have  been  obtained,  as  follows:  Maxima,  July  27,  Sep- 
tember 5  and  October  22:  Minima,  July  6,  August  13  and 
September  2'.».  The  interval  between  the  first  and  second 
maxima  was  40  days,  and  between  the  second  and  third 
maxima,  48  days.  Between  the  first  and  second  minima  the 
interval  is  38  days:  and  between  the  second  and  third  mini- 
ma, 47  days.  All  the  maxima  appeared  of  about  the  same 
brightness,  there  being  none  of  exceptional  brilliancy,  as  had 
been  observed  during  previous  years. 

4.      U  Monocerotis. 
This  star  was  observed  on  57  evenings,  extending  from 
1887  November  21  to  1888  May  7.     From  these,  6  good  de- 
terminations of  maxima  and  minima  have   been   fixed,    as 
follows  : 

Maximum  =  1887  Dec.  15.0  Light  =  25.3 

1888  Jan.  31.0  26.8 

Mar.  13.0  22.4 

.Minimum  =   1888  Jan.  13.0  Light  =    5.4 

Feb.  27.5  19.8 

Apr.  11.0  12.5 

The  second  minimum  was  a  remarkably  bright  one.  The 
interval  between  the  first  and  second  maximum  was  47  days  ; 
and  between  the  second  and  third,  it  was  45  days.  The 
interval  between  the  first  and  second  minima  was  42.5  days  ; 
and  between  the  second  and  third,  43.5  days. 

5.  R  Virginis. 
This  star  was  observed  from  March  15  to  May  3  ;  the  ob- 
servations numbering  10.  When  first  seen,  on  March  15, 
R  was  =  DM.  8°,2626,  and  3  steps  <  DM.8°,2634,  or  8M,4. 
The  increase  of  light  was  rapid  and  uniform  ;  a  maximum 
being  passed  on  April  8.  Maximum  brightness  3  or  4  steps 
>  DM.  8°, 2617,  and  2  steps  <  DM.8°,2619,  or  7\0.  The 
star  very  rapidly  declined  ;  and  when  last  seen,  on  May  3, 
was  5  steps  >DM.  7°,2558,  and  5  steps  <  DM.8°,2626,  or 
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6.  TCeti. 
The  observations  of  this  star  number  12,  aud  extend  from 
1888  September  5  to  1889  January  29.  When  first  observed. 
on  September  5,  T  was  very  bright,  and  =  18  (U.A.)  Celt, 
or  5M.4.  The  decrease  of  light  after  September  5  appeared 
slow  and  regular,  and  a  rather  faint  minimum  was  passed 
December  3.  Minimum  brightness  4  or  5  steps  <  28  (U.A) 
.  aud  1  step  >  21  (U.A.)  Ceti,  or  6M.9.  T remained 
faint  for  only  a  few  days,  when  it  rapidly  brightened,  aud 
on  January  25  it  was  again  very  bright,  being  2  or  3  steps 
>18  {U.A.)  Ceti,  and  5  steps  <  15  (U.A.)  Ceti,  or  5M.0, 
and  so  remained  until  January  29,  when  the  observations 
terminated  owing  to  the  star's  near  approach  to  the  sunset 
horizon. 

7.  R  Coronae  Borealis. 
This  was  observed  from  March  6  to  November  3,  47  ob- 
servations being  obtained.  On  March  6,  the  date  of  the 
first  observation.  7?  was  2  steps  >DM.  30°,2682,  and  5  + 
steps  <  DM.32°,2621.  or  6M.5.  Its  brightness  remained 
apparently  constant  until  .Time  1.  when  an  increase  of  2 
or  3  steps  occurred,  and  a  standstill  until  August  24,  fol- 
lowed by  another  slight  increase  of  1  or  2  steps,  with  no 
further  changes  up  to  November  3,  the  date  of  the  last  ob- 
servation. When  brightest,  R  was  5  +  steps  >OM.  30°, 2682, 
and  3  steps  <DM.  32°,2621,  or  about  CM. 

8.     p  Persei. 
This  star  was  observed  on  9  evenings,  from   1888  Septem- 
ber 26  to  1889  January  29.     Although  serious  gaps  occur  at 
critical  points  of  the  light-curve,  a  minimum  is  indicated  as 
occurring  about  November  7. 

9.  U  Orionis . 
This  star  has  recently  passed  another  bright  maximum. 
The  observations  number  25,  and  extend  from  1888  Novem- 
ber 30  to  1889  February  8.  When  first  seeu,  on  November 
30,  U  was  found  to  be  quite  bright,  being  2  steps  >DM. 
19°,1106,  and  3  or  4  steps  <  DM.  20°,  1156,  or  7H.0.  The 
increase  was  rapid,  and  a  maximum  was  passed  on  December 
26;  the  maximum  brightness  being  2  or  3  steps  >  DM. 
19°,1110,  and  4  steps  <  DM.  19°,  1126,  or  6\ 2.  The  bright- 
ness remained  nearly  constant  from  December  20  to  January 
3.  The  decrease  appeared  very  slow  at  first,  but  afterwards 
quite  rapid.  The  star  is  now  (February  8)  3  steps  >DM. 
19  .1106,  and  2  steps  <I)M.  20°,1156,  or  7M.0. 

10.  U  Ceti. 
Observed  from  1888  September  27  to  1889  January  3. 
When  first  seen,  on  September  27,  U  was  5  steps  >SDM. 
13°,483,  aud  5  steps  <  SDM.13°,492,  or  about  8M.  The 
increase  of  light  was  rapid,  aud  a  maximum  was  passed  on 
October  22.  the  maximum  brightness  being  4  steps  >SDM. 


13°, 495,  and  3  steps  <  SDM.  13°, 457,  or  7".0.  The  de- 
crease was  very  slow  and  regular,  and  when  last  seen,  on 
January  3,  U  was  3  steps  <  SDM.  13°,481,  or  about  8M.8. 
The  interval  between  the  last  2  maxima  was  241  days. 

11.     o  Ceti. 
The  observations  on  this  star  number  35,  and  extend  from 

1887  September  10  to  1888  March  3.  When  first  seen  o  was 
5  steps  <  242  (U.A.)  Ceti,  or  about  7M.5.  The  increase  of 
brightness  was  rapid  and  quite  uniform;  and  a  maximum 
was  passed  1887  November  10,  the  brightness  being  then 
4  steps  >  270  (U.A.)  Ceti,  and  4  steps  <  308  (U.A.)  Ceti, 
or  4M.9.  When  last  observed,  on  March  3,  o  was  =  SDM. 
4°, 379,  or  about  8M.5. 

12.     7?  Sculploris. 

A  few  observations  were  obtained  of  this  difficult  star,  ex- 
tending from  1888  December  20  to  1889  January  29.  R  was 
estimated  about  7M.6,  when  first  seen  (comparison-start  not 
yet  identified)  evidently  near  minimum.  It  was  slightly 
brighter  on  January  1.  and  had  further  increased  in  bright- 
ness 2  or  3  step>  on  January  29,  the  date  of  the  last  obser- 
vation.     7»*  had  certainly  passed  a  minimum. 

13.  R  Corvi. 

This  star  was  occasionally  observed  from  May  7  to  June 
29  (.")  observations).  When  first  seen,  on  May  7.  7?  was 
=  SDM.  18°, 3368,  aud  2  or  3  steps  <  SDM.  18°,3369,  or 
about  8M. 2.  The  increase  appeared  rapid,  and  a  maximum 
was  passed  about  June  5,  the  maximum  brightness  being 
=  SDM.  19°,314."».  aud  ">  steps  >  SDM.  18°,3379,  or  6M.9. 
The  decrease  was  not  well  observed,  owiug  to  the  close  ap- 
proach of  the  star  to  the  sun  :  but  when  last  seen  it  was  ."> 
steps  <SDM.  19°,3445,  aud  2  steps  >  SDM.  18D.3379,  or 
about  7M.2. 

14.  WCygni. 

The  observations  of  this  star  number  48,  and  extend  from 

1888  June  1  to  1889  February  19.  When  first  seeu.  on  June 
1,  IF  was  4  or  5  steps  >  DM.  44° ,3889,  and  2  steps  <  DM. 
46°,3305,  or  6M.3.  The  light  remained  constant  until  June 
13.  IF  had  evidently  just  passed  a  bright  maximum,  prob- 
ably about  June  5(?).  The  light  declined  quite  rapidly  after 
June  18,  and  from  August  1  to  September  26.  a  period  of 
57  days,  remained  apparently  constant.  A  faint  minimum 
was  passed  August  24,  the  brightness  being  3  steps  >  DM. 
45°,3584,  2  steps  <  DM.43%4002,  and  5  -f- steps  <  DM. 
II  ..'.889,  or  6M.8.  From  September  26  to  October  24.  the 
star  brightened  very  slowly,  and  then  very  rapidly  until 
November  2  ;  a  rather  faint  maximum  being  reached  about 
November  12  (a  bad  gap  here  occurs  in  the  series,  extending 
from  November  7  to  30).  the  brightness  being  5  steps  >DM. 
43°,4002,£step>DM.  1 1  ,3889,and  5  steps  <  DM.46  :.3305. 
or  6M..">.    A  second   minimum  was  passed  on  1889  January  1> 
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the  brightness  being   1    step  >  DM.  43°, 4002.  and  3  or  4 

15.     j  Aurigae. 

steps  <  DM.  44°,3889,  or  6".8.     The  star  is  now  (February 

Occasionally  observed   from    188*   November  30   to    1889 

19)  brightening  very  fast.     The  interval  between  the  2  mini- 

February 24.     A  minimum   phase  is    indicated  about    l^s:» 

ma  was  130  days. 

January  15. 

Brighton,  Mass.,  1889  February. 


OCCULTATION   OF  JUPITER,   1889   MARCH   23, 

By  WILLIAM  BELLAMY. 

±  1  minute.  The  first  contact  of  the  disks  precedes  about  1 
minute,  and  the  first  occultation  of  a  satellite  (the  3d)  pre- 
cedes about  10  minutes,  the  time  of  occultation  of  the 
center. 


The  accompanying  tables  give,  for  places  at  intervals  of 
4°  in  longitude,  and  2  in  latitude,  the  times  from  Greenwich 
mean  noon,  March  23,  of  the  immersion  and  emersion  of 
Jupiter's  center.     They  ought  not  to  be  in  error  more  than 


Immersion. 
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18 

29 

41 

30 

39 

47 

56 

5 

16 

28 

44 

Emersion. 


Longitude  West  from  Greenwich. 

I  It   \ 

124 

120° 

116° 

112° 

108° 

104° 

100° 

96° 

92° 

88° 

84° 

80° 

76° 

72 

o 

h         m 

h        m 

h         in 

h        m 

h        in 

h       m 

h        m 

h        in 

h          in 

h       in 

h      ni 

h        in 

]|           111 

h        ni 

46 

23  31 

23  33 

23  36 

23  lo 

23  1 1 

23  48 

23  53 

23  58 

2 1     3 

24    9 

24  16 

21  23 

24  31 

24  .".'.i 

44 

29 

32 

36 

40 

41 

49 

54 

59 

5 

12 

19 

27 

35 

11 

42 

28 

30 

35 

40 

15 

50 

55 

24     1 

8 

15 

23 

31 

40 

48 

40 

26 

30 

35 

39 

45 

50 

57 

3 

10 

18 

26 

34 

4:! 

38 

25 

29 

34 

39 

45 

51 

58 

5 

12 

20 

29 

38 

47 

36 

28 

33 

39 

45 

51 

59 

6 

14 

23 

32 

40 

50 

34 

27 

33 

38 

44 

52 

24     0 

8 

16 

25 

34 

44 

5  1 

32 

0 

9 

18 

27 

37 

46 

56 

30 

1 

10 

19 

29 

39 

49 

59 

Angle 

from  N 

3rth  Point  at  Emersion. 

Longitude  West  from  Greenwich. 

Lat  N 

124° 

120° 

116 

112 

108° 

104° 

100- 

96° 

92° 

88° 

84° 

S|l 

71 

J2 

o 

o 

o 

O 

O 

O 

o 

o 

O 

O 

o 

O 

O 

O 

o 

46 

302 

306 

310 

314 

318 

322 

326 

329 

332 

335 

338 

335 

332 

328 

44 

298 

302 

306 

310 

.",  1 1 

317 

321          324 

326 

328 

330 

328 

326 

323 

42 

294 

298 

302 

306 

309 

313 

317 

319 

321 

322 

323 

322 

320 

318 

40 

289 

294 

297 

302 

306 

309 

312 

315 

317 

318 

319 

317 

316 

38 

284 

289 

293 

298 

302 

305 

308 

311 

313 

314 

315 

313 

311 

36 

289 

293 

297 

300 

303 

306 

:io.s 

309 

309 

308 

306 

34 

284 

288 

292 

295 

299 

301 

303 

304 

:;.i| 

303 

301 

32 

295 

297 

299 

300 

299 

298 

296 

30 

290 

292 

294 

295 

294 

293 

291 
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OBSERVATIONS   OF   COMETS. 

MADE    AT   THE    U.S.    N'AV.U.    OBSERVATORY    WITH    THE   9.6-INCH    EQUATORIAL. 

[Communicated  by  the  Superintendent.] 


1889  Wash.  M.T. 


No. 
( !omp. 


Ja 


J8 


s  apparent 


logpA 

for  a  for  A 


Obs. 


Comet  e   (Barnard). 


Jan.  18 
21 
29 
30 


Feb. 


Ml          B 

6  11.7 

1 

1 5  .  3 

13  29.5 

2 

25  ,  5 

52  25.4 

3 

20  .  4 

13  15.6 

3 

10  ,  2 

13  26.7 

4 

20  .  1 

51  55.2 

5 

30  ,  6 

14  31.2 

5 

20  ,  4 

48  23.8 

6 

15  .  3 

+  0 

+  0 

— 1 

2 

2 

+  2 

+  2 
— 1 


32.94 

52.47 
47.20 
19.35 
52.72 
30.68 
2.90 
32.31 


+ 
+ 
+ 
+ 

+ 
+ 


20.5 
46.3 
19.8 
59.6 
46.4 
50.1 
53.7 
48.4 


23  54 
23  52 
23  4  7 
23  46 
23  46 
23  45 
23  45 
23  41 


50.12 

18.16 

4.39 

32.22 

32.08 

32.45 

4.66 

30.44 


10  15.3 
56  48.1 
20  18.9 
15  39.2 
15  33.8 
6  8.3 
1  24.6 
13  41.6 


9.525 

0.778 

9.566 

0.77:; 

9.587 

0.767 

9.611 

0.763 

cc 

c< 

9.597 

0.765 

9.624 

0.760 

9.636 

0.755 

Comet/5  (Barnard). 


Jan.  27  11  45  27.1 

Feb.    2    9  28  53.8 

9  15  46  57.8 

11  17  12  38.6 

18    8    3  22.7 

8    3  22.7 


7 

25  .  5 

8 

20  ,  4 

9 

25  .  5 

10 

20  .  1 

11 

15  ,  3 

12 

15  .  3 

—1   27.26 
— 1   58.14 


+  18  57.0 


2 

+  1 

2 

—4 


40.29 
49.78 
42.21 

13.83 


2 

—  3 


19.7 

31.1 


+  li  30  0 


—  6 
2 


49.2 
9.7 


10 
10 
9 
9 
9 
9 


7  44.08 
1  14.76 
52  58.81 
50  38.81 
43  23.65 
43  23.33 


+  17  38  35.4 
+  20  50  8.9 
+  24  27  1G.4 
+  25  24  21.4 
+  28  10  46.8 
+  28  10  50.0 


w9.353 

0.534 

«9.602 

0.752 

:'.>-2 

0.500 

9.688 

0.616 

»9.635 

0.483 

Mean  Places  for 

IS89.0  f 

or   Gomp 

arison- Stars. 

Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

Authority 

1 

1 

23 

54"l8.S61 

s 

—1.43 

C 

—  6 

1          // 

6  44.1 

—  Ki.7 

Weisse's  Bessel  XXIII.  1074 

2 

23 

51    27.17 

—  1.48 

—  6 

4  23.6 

—10.8 

Weisse's  Bessel  XXIII.  1016 

3 

23 

48  53.13 

f  -1.54] 

1—1.56} 

—  5 

20  28.0 

j-lo.7, 
(—10.8} 

Weisse's  Bessel  XXIII,  960 

4 

23 

49  26.34 

—  1.5  1 

—  5 

17     9.5 

—1(1.7 

Weisse's  Bessel  XXIH.  973 

5 

23 

43     3.35 

f  — 1.58  | 

I  -1.59) 

—  5 

3     7.6 

f  — 10.6) 
(  -10-7  } 

1  '  Weisse's  Bessel  +  2  Yarnall) 

6 

23 

43     4.39 

—1.64 

—  4 

15   19.3 

—10.7 

Schjellerup  984  1 

7 

10 

9  10.88 

+0.46 

+  17 

24  43.5 

—  5.1 

Weisse's  Bessel  (2)  X.  148 

8 

10 

3   12.31 

+0.59 

+  20 

52  34.1 

—  .~>.~i 

i  Weisse's  Bessel  +  2  Yarnall) 

9 

9 

55  38.41 

+  0.69 

+  24 

30  53.0 

—  :>.:: 

Weisse's  Bessel  (2)  IX.  1140 

10 

9 

48  48.3H 

+  0.73 

+  25 

9  56.6 

—  5.2 

Armagh  (2)  1146 

11 

9 

46     5.07 

+  0.7H 

+  2.s 

17  40.6 

—  4.6 

Bonn  VI  +  280. 1815 

12 

9 

47  36.37 

+  0.79 

+  28 

13     5.3 

—  5.6 

Yarnall  4122 

The  observers  are  Frisby  and  Tttti.e. 


COXTRIBUTIOXS    TO    THE    KNOWLEDGE     OF    THE    INEQUALITIES    IX    THE 

PERIODS   OF   THE   VARIABLE   STARS. 

By  S.  C.  CHANDLER. 
II. 


5501.  S  Serpentis. 
The  numerical  representation  of  the  irregularities  of  this 
star  Iki^  long  been  a  matter  of  difficulty.  Aroei.andf.r's  in- 
vestigation (-1..V.  48,  379),  represented  the  observations 
from  1828  to  1858  (and  also  Lalande's  magnitude  estimate 
of  17'.' 4  May  17.  when  the  star  must  have  been  near  maxi- 
mum), by  a  shortening  of  the  period  from  epoch  to  epoch  of 
about  three-eighths  of  a  day.      Later   (BB.   VII.  384),  he 


recognized  the  incorrectness  of  this  idea,  and  the  necessity 
of  awaiting  further  data.  For  the  purpose  of  his  catalogue, 
Schonfeld  contented  himself  with  a  uniform  period  of  364 
days,  avowedly  disregarding  both  LalandeV  and  Harding's 
observations.  The  maxima  observed  since  1874  by  Schmidt 
and  myself,  seem  to  demonstrate  that  the  change  in  period 
has  reversed  the  sign  which  prevailed  before  1858.  Accord- 
ing to  the  interpretation  which  the  elements  of  my  catalogue 
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place  upon  the  observations,  the  period  was  not  shortening 
between  Lalande  and  Harding,  a>  Argelander  supposed, 
but  was.  on  the  contrary,  rapidly  lengthening,  and  attained 
its  maximum  value,  about  370  days,  near  Harding's  time ; 

then  diminished  to  about  360  days  near  1858  ;  and  has  since 
again  become  longer,  being  now  once  more  near  its  maximum. 
The  variations  O — C  in  the  table  are  from  the  elements. 

1828  April  19.0+  364.8.E+50  sin(6°£+5°), 
which  must  serve  until  current  observations  supply  means 
for  further  adjusting  the  constants. 

Calculated  Maxima 
Epoch  61      1889  April     1 
6-2     L890  April    6 
63      1891  April  II 

O— C  Obs.       E       Obs'd  Max. 


E  Obs'd  Max. 
—34  94  May  17 

0  28  Apr.  28 
+   2  30  May    7 

4  32  May    9 

15  43  May  30 

16  44  May  22 

17  45  May  29 

18  46  Mav  31 

19  47  Mav  28 

20  18  May  19 

24  52  Mav    3 

25  53  Mav     1 

26  54  Apr.  26 

27  55  Apr.  20 
+28  56  Apr.  12 


—3.1  LI 

+  4.7  Hd 

+  3.->  •• 

—2.4  " 

—1.8  A 

—8.9  " 

—0.4  •• 

+  3.6  •• 

+  3.0  » 

—1.9  " 

—0.9  " 

+  4.9  " 

+  1.9  " 

+  1.2  •• 

—0.5  " 

567 


+  29  57  Apr.  15 

30  58  Apr.    8 

31  59  Mar.  30 

Mar.  25 
37  65  Feb.  26 
18   66  Feb.  26 


0— C   Obs. 
+8.0    A 

+  6.3     " 
—2.3     " 

+  2.7  Wn 
+  1.0  Sd 
+  4.6     •• 


39   67  Feb.  25.5  +7.1 


"         Feb.  15: 

10  68  Feb.  23 

11  69  Feb.  12 

12  7o  Feb.  12 
44  72  Feb.  2 
46  74  Feb.  6 
51    7!t  Feb.  1  1.2 


-3.4 


A 

Sd 


—0.5  '• 
+  1.1  " 
—6.0  " 
—2.1     •• 

—3.8  Sin 


£•       Obs'd  Max. 
—45  .S3  Apr.  28 


+  56  8-1  Mar.  12:     +3.5   Ch 


R  Serpentis. 

As  in  the  case  of  the  preceding  star.  Argelander  found 
distinct  evidence  of  shortening  of  the  period  between  Hard- 
ing's time  and  186*.  amounting  to  aboul  a  quarter  of  a  day 
from  epoch  to  epoch.  But  he  recognized  that  his  formula 
placed  the  maximum  of  1783  much  too  early  for  D'Agelkt's 
observations,  and  that  the  attempt  to  ascertain  the  correct 
formula  was  then  premature  (BB.  VII,  385).  Schoxfeld 
found  that  all  the  observations  could  be  moderately  well 
satisfied  by  the  expression, 

1853  Oct.  21.0  +  356.34JS  —  0.01  Ei  +  30  sin(9°+ 144  ). 
which,  however,  gives  the  maxima  since  1875  too  late,  the 
difference  amounting  to  more  than  a  month  by  my  observed 
maximum  of  1884,  which  is  the  latest  recorded.  I  have 
somewhat  modified  the  constants  of  my  catalogue,  which 
now  read, 

1827  May  7.0+  357.6  £  +  48.0  siu(ff  £+8°), 

in  deducing  which  I  have  disregarded  Schmidt's  rather  vague 

indication  of  the  maxima  of  1881  and  1882.     The  deviations 

from  this  formula  are  given  in  the  column  O — C. 

Calculated  Maxima. 

Epoch  63     1889  Jan.    3 

64  Dec.  31 

65  1890  Dec.  28 

66  1891  Dec.  25 
Observations  of  both  maxima  and  minima  of  this,  as  well 

as  of  the  preceding  star,  are  very  much  needed. 


i»  27  Mav 


1  1 
17 
13 
16 

1 


4.5  + 


+  16  4.-,  Feb 
17  4  1  Feb 
26  52  Nov 
2  7  :>:;  Nov 
2H    55  Oct.    19 

30  56  Oct.      4 

Oct. 

31  57  Sept.  15 
"  Sept.  16.0  + 

32  58  Aug.  26    — 
"  Aug.  24    — 

Aug.  31 

33  59  Aug.  2:! 

Aug.  2  1 

Aug.  25 

+  39  65  June     5 


O— C  Obs. 
—27.5  d'A 
+   0.3  Hd 

—  4.4    A 

—  0.3     '• 
+   3.3    " 

—  0.3    •• 
+  10.1     " 

-  8.0    " 
.5 

-  0.9 
1.9  Sd 
7.1  A 
9.1  sd 
2.1  Au 
1.9    A 

+   2. 'J   Au 
+    4.1    Wn 

—  6.1    Sd 


Sd 
A 


+ 


+  40  66  Mav  25 


Obs'd  Max.      O— C  Hi,-. 
6.3   s,l 

41  67  May   17       -  4.0     •• 

42  68  Mav   10.5+   0.6    •' 

43  69  Apr.  27    —  3.2     " 

44  70  Mav     2     +11.1     •■ 

45  71  Apr.  20     +   8.0     " 

46  72  Apr.  10     +   7.5    •• 

47  73  Mar.  31     +   5.6     ■• 

48  74  Mar.  24     +   6.2  Sm 
"  Mar.  27    +   9.2  Sd 

49  75  Mar.  10    —  0.6    " 

50  76  Feb.  29.2—  2.7  Sm 

51  77  Mar.     5     +   8.5  Sb 

52  78  Feb.   20     +1.4     " 

55  81  Mar.  4— (  +  29.8)Sm 

56  82  Feb. 26— (  +  28.3)  " 
+  58  84  Jan.    10     —10.5  Ch 


5770.     R  Herculis. 

I  place  a  somewhat  different  construction  upon  the  obser- 
vations from  what  Schonfeld  has  done,  in  his  catalogue  of 
1875.  A  notably  rapid  lengthening,  indeed,  took  place  in 
the  period  from  discovery  up  to  1865  ;  but  its  value  was 
then  about  322  days,  apparently  near  its  maximum,  and 
thereafter  diminished  for  the  rest  of  that  decade  and  during 
the  whole  of  the  next.  The  most  plausible  assumption,  to 
account  for  the  observed  variations,  is  an  inequality  of  un- 
usually short  duration,  which  I  take,  tentatively,  to  be  30 
periods  of  the  star.  The  deviations  in  the  table  below  are 
from  the  elements  of  my  catalogue,  which  involve  this  as- 
sumption.    They  are. 

Max.  1865  July  18.0  +  318. AE  +  20  sin(  12°JE;+3240). 

Doubtless  some  improvement  might  be  made  in  the  con- 
stants adopted,  but  the  attempt  seems  to  be  scarcely  war- 
ranted until  further  observations,  which  are  much  needed. 

have  been  secured. 

i  Calculated  Maxima 
Ep.  27        1889  Jan.    11 

28  Nov.  27 

29  1890  Oct.    13 

30  1891  Aug.  31 


E    Obs'd  Max. 

0— C   (lbs. 

E    Obs'd  Max. 

0— C  Obs. 

—46  25  June  13 

—  13.4  Bl 

+   3  68  Mar.  13 

+  13.8  Sd 

10  56  Nov.    .", 

+  13.1  Sd 

6  70  Oct.    23 

+   0.8  " 

7  59  Mav   28.5 

+    3.6   « 

7  71  Sept.    1 

—   7.7   " 

"        May  30.5 

+    5.5  Au 

8  72  Julv  26 

+    0.5    •' 

"        June    3 

+    9.1  Wn 

10  74  Apr.  28 

+    2.1    •• 

—  6  60  Apr.  28 

—  8.6  Au 

1 1  75  Mar.     7 

—  3.3   " 

0  65  July     6 

—   0.2  Sd 

16  79  June  24.5 

—  13.(1  Sm 

+    1  66  Mav  29 

+   4.7   " 

17  80  May  15.5 

—  1.5   " 

+    2  67  Apr.  14 

+    2.4   " 

+  21  83  Oct.    25 

—   1.6  Ch 

6044.  8  Herculis. 
Schonfeld's  period  of  303  days  prevails  only  from  1856 
to  1872.  Even  in  this  interval  the  departures  are  systematic, 
and  far  larger  than  the  errors  of  observation;  and  he  points 
out  that  his  elements  also  fail  to  accord  with  the  visibility  of 
the  star  in  the  Greenwich  meridian  instruments  on  1840  July 
9,   and  1846  July  3.  dates,  by  the  way,  which  he  has  re- 
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versed  by  a  slip  <>f  the  pen.  From  about  1870  to  the  present 
time  the  period  has  increased  at  a  most  extraordinary  rate, 
the  more  recent  maxima  requiring  a  value  of  about  313  days. 
An  inspection  of  the  results  makes  it  evident  that  a  highly 
developed  law  is  here  involved.  In  the  catalogue  I  gave 
the  first  sine-term  in  the  elements  below,  but  stated  that  the 
result  was  provisional,  because,  while  it  conformed  to  the 
general  character  of  the  observed  departures  from  uniform 
period,  the  outstanding  differences  were  systematic  and  much 
greater  than  the  observation-errors.  An  additional  sine- 
term  reduces  these,  but  it  is  manifestly  too  early  to  get  good 
values  of  the  various  coefficients.  In  the  table  of  observed 
maxima  and  minima  I  make  a  comparison  with  the  elements, 

Max.  1856  Aug.  30.0  j  +309.22? +  55.0  sin(  7°.5.E+100°) 
Mm.    18o6  Mar.  2/.0  (  v  ' 

+  18.0  sin(15°.0.E+   61°) 

From  a  comparison  of  the  values  of  the  first  periodical 
term  in  the  fourth  column  with  O — C,  and  of  the  second 
term  in  the  sixth  column  with  O — C",  they  do  not  seem  to 


be  entirely  illusory  ;  although  the  final  column,  O — C,  leaves 
chance  for  improvement.  Further  refinement  of  results  at 
the  present  time,  however,  would  be  waste  of  labor. 

The  elements  give  for  Ep.  — 87,  Max.  1783  Jan.  12,  and 
for  Ep.  — 74,  1794  Nov.  22,  thus  harmonizing  with  the  fact 
that  D'Agelet  on  1783  Apr.  27,  and  Lalande  on  1794  June 
13,  overlooked  the  star  ;  they  give  further,  for  Ep.  — 38, 
1824  June  25,  and  are  therefore  consistent  with  Rosen- 
iierger's  observation  in  the  meridian  circle  at  Kouigsberg, 
1824  Apr.  21-23,  when  no  magnitude  was  assigned. 

Winnecke's  maximum  of  1859  is  omitted  in  the  table,  as 
he  has  given  conflicting  dates,  and  it  is,  besides,  well  de- 
termined by  Schonfeld  and  Auwers. 

The  following  phases  are  calculated,  using  only  the  first 
periodical  term  in  the  above  elements. 

Epoch  Maxima  Minima 

39  1889  Oct.      4         1889  May     1 

40  Aug.  15  1890  Mar  12 

41  1891  June  25    1891  Jan.  20 

42  1892  May  4        Nov.  30 


E 

Obs'd  Max. 

O— C 

1st  Term 

()— C" 

2d  Term 

O— C 

Observer 

—  1 9 

40  July 

9 

—21.2 

—37.1 

+  15.9 

+  12.5 

+   3.4 

Greenwich 

—12 

46  July 

3 

—  0.6 

+    9.6 

—10.2 

—15.8 

+    5.6 

i . 

0 

56  Nov. 

7.5 

+  69.5 

+  54.2 

+  15.3 

+  15.8 

—  0.5 

Schonfeld 

+    3 

59  May 

6 

+  51.4 

+  46.4 

+   5.0 

+  17.3 

—  12.3 

tt 

££ 

May 

8.5 

+  53.9 

+  46.4 

+    7.5 

+  17.3 

—  9.8 

Auwers 

10 

65  Feb. 

23 

+    7.0 

+    4.8 

+   2.2 

—  9.2 

+  11.4 

Schonfeld 

12 

66  Oct. 

11 

—16.4 

—  9.6 

—  6.8 

—15.8 

+   9.0 

it 

13 

67  Aug. 

5 

—27.(1 

—  16.5 

—  11.1 

—17.5 

+    6.4 

it 

14 

68  May 

18 

—49.8 

—23.3 

—26.5 

—  18.(1 

—  8.5 

tt 

18 

71  Sept. 

30 

—.".6.6 

—45.0 

—11.6 

—  8.7 

—  2.9 

tt 

19 

72  July 

25 

—66.8 

—48.8 

—18.0 

—  4.3 

—13.7 

tt 

21 

74  Apr. 

28 

—43.2 

—53.7 

+  10.5 

+   5.0 

+   5.5 

1 1 

24 

76  Nov. 

25 

—28.8 

—54.2 

+  25.4 

+  1."..7 

+   9.7 

Schmidt 

27 

79  June 

4.9 

—34..". 

—46.4 

+  11.9 

+  17.3 

—  5.4 

tt 

28 

80  Apr. 

15.5 

—28.1 

—42.1 

+  14.0 

+  15.3 

—  1.3 

»t 

31 

82  Oct. 

31 

—27.2 

—25.3 

—  1.9 

+   4.3 

—  6.2 

tt 

32 

83  Sept. 

12.8 

—19.6 

—18.8 

—  0.8 

—  o.;; 

—  0.5 

(( 

Sept. 

12 

—20.4 

—18.8 

—  1.6 

—  0.3 

—  1.3 

Chandler 

33 

84  July 

24 

—13.6 

—11.9 

—  1.7 

—  5.0 

+   3.3 

Baxendell 

+  34 

85  June 

11 

—  0.8 

—  4.8 

+   4.0 

—  9.3 

-1-13.3 

" 

Minima 

+  11 

65  July 

11 

—18.2 

—  2.4 

—15.8 

-13.0 

—  2.8 

Schonfeld 

12 

66  May 

11 

—13.4 

—  9.6 

—  3.8 

—15.7 

+  11.9 

tt 

16 

69  Aug. 

27 

—46.2 

—34.3 

—  11.9 

—  15.4 

+   3.5 

tt 

17 

70  June 

30 

—58.4 

—40.6 

—17.8 

—12..". 

—  5.3 

18 

71  Apr. 

25 

—58.6 

—45.0 

—13.6 

—  8.7 

—  4.9 

. . 

21 

73  Nov. 

12 

—54.2 

—53.7 

—  0.5 

+   6.1 

—  6.6 

tt 

+  22 

74  Sept. 

28 

—43.4 

—54.8 

+  11.4 

+  11.3 

+   0.1 

tt 

6512.  T  Herculis. 
For  the  discussion  of  the  elements  of  this  star  I  have  col- 
lected 35  observed  maxima  and  28  minima,  extending  from 
1856  to  1886,  inclusive.  Instead  of  giving  the  separate  ob- 
servations, however,  the  data  arc  here  presented  much  in  the 
same  form  as  has  already  adopted  for  R  Virginia.  The 
following  normal  epochs  were  based  upon  three  or  four  de- 


terminations each,  as  specified  in  the  first  column.  Subse- 
quent discussion  of  them  resulted  in  the  following  elements  : 

Max.  1868  Mar.  9.3  1  ,...,.  „.,  -  .  ,„„  -  r,  ..„  -, 
...  ,.,,,-,>  no  o  r  +  164.7o2?+6.5  sm(7  .52J+52  .5) 
Mm.    1867  Dec.  22.3  j 

where  the  epochs  and  period  arc  the  same  as  in  the  cata- 
logue, but  the  goniometric  constants  have  been  slightly 
improved. 
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Table  of   Normal  Erocus. 


No. 

E 

Normal  Epoch 

O 

— C 

Sine 
Term 

O— C 

MAXIMA. 

3 

—22 

1858  Apr.     4.0 

— 

2.8 

—6.0 

+  3.2 

3 

—  5 

1865  Dec.     5.7 

— 

0.8 

+  1.7 

—2.5 

3 

—  2 

1867  Apr.   19.1 

+ 

4.3 

+  4.0 

+  0.3 

4 

+   4 

1870  Jan.      7.7 

+  10.4 

+  6.4 

+  4.0 

4 

9 

1872  Apr.     3.3 

+ 

3.3 

+  5.7 

—2.4 

3 

14 

IS 74  July      5.5 

+ 

2.7 

+  2.5 

+  0.2 

3 

26 

1879  Nov.  28.6 

— 

2.2 

—6.0 

+3.8 

3 

30 

1881  Sept.  10.7 

— 

9.1 

—6.4 

—2.7 

4 

35 

1883  Dee.    16.5 

— 

6.0 

—4.6 

—1.4 

5 

38 

1885  Apr.   20.2 

MINIMA 

3.6 

—2.5 

—1.1 

4 

—20 

1858  Dec.      5.7 

— 

8.6 

—6.5 

—2.1 

3 

—  5 

1865  Sept.  2:i. 7 

+ 

4.1 

+  1.7 

+  2.4 

3 

—  1 

1867  Julv    12.7 

+ 

2.2 

+  4.6 

—2.4 

4 

+   4 

1869  Oct.    19.2 

+ 

7.9 

+  6.4 

+  1.5 

4 

9 

1872  Jan.    20.7 

+ 

7.7 

+  5.7 

+  2.0 

4 

14 

1874  Apr.    18.9 

+ 

3.1 

+  2.5 

+  0.6 

3 

30 

1881  June   24. s 

— 

9.0 

—6.4 

—2.6 

3 

39 

1885  Julv    22. s 

— 

2.8 

—1.6 

—1.2 

The  column  O — G"  gives  the  comparison  with  the  first  two 
terms  of  the  elements,  i.e.,  the  deviations  from  uniform 
periodicity  ;  the  periodic  term  follows  in  the  fifth  column  ; 
and  finally  the  outstanding  residuals  in  the  last  column. 
The  sine-term  reduces  the  sum  of  squares  of  residuals  from 
289.9  to  63.3  for  the  maxima,  and  from  315.8  to  30.7  for 
the  minima,  and  its  reality  is,  I  think,  beyond  doubt. 

The  elements  give  the  minimum  epoch  — 152,  as  1799 
June  5,  and  therefore  account  satisfactorily  for  Lalande's 
failure  to  record  the  star  in  his  zone,  1799  June  22. 


Calculated 

E 

Maxima 

Minima 

48 

1889  May 

27 

1889  Mar. 

10 

49 

Nov. 

8 

Aug. 

22 

50 

1890  Apr. 

22 

1890  Feb. 

3 

51 

Oct. 

4 

July 

18 

52 

L891  Mar. 

is 

Dec. 

30 

53 

Aug. 

30 

1891  June 

13 

By 


THE   OUTER  KIXG   OF    SATURN, 

JAMES  E.  KEELER,  Astronomer  of  the  Lick  Observatory. 


In  the  Sidereal  Messenger  for  February,  1888,  and  more 
recently  in  Cie!  et  Tei~re,  I  described  the  appearance  of  a  very 
fine  division  on  the  outer  ring  of  Saturn,  which  was  seen  on 
Beveral  occasions  with  the  36-inch  equatorial  immediately 
after  its  erection  at  the  observatory,  and  particularly  well  on 
the  night  of  1888  January  7.  In  the  year  which  has  elapsed 
since  the  time  of  its  discovery,  the  division  lias  been  repeat- 
edly looked  for  by  different  members  of  the  observatory  staff, 
but  without  success  ;  and  I  had  come  to  the  conclusion  that 
it  was  either  invisible  by  reason  of  the  greater  obliquity  of 
the  ring,  or  that  it  was  of  temporary  character,  and  no 
longer  existed.  More  recent  observations  show  that  our 
failure  was  due  simply  to  the  lack  of  sufficiently  good  defi- 
nition. 

On  the  night  of  March  2,  which  was  one  of  the  finest  that 
we  have  had  at  the  observatory,  the  division  was  seen  by 
Professor  Holdex,  Mr.  Schaeberle,  Mr.  Barnard  and  my- 
self, and  was  independently  estimated  by  all  four  observers 
to  be  situated  at  one-sixth  of  the  width  of  the  outer  ring 
from  its  outer  edge. 

Mr.  Barnard  and  I  continued  to  observe  the  planet,  with 
different  magnifying  powers,  until  after  it  had  passed  the 
meridian.  The  brilliancy  of  the  whole  system,  particularly 
of  the  gauze  ring,  was  remarkable,  and  the  outlines  appeared 
with  a  sharpness  more  characteristic  of  the  lines  of  a  steel 
engraving  than  of  the  usual  telescopic  image.  WUh  a  power 
of  400,  a  faint  shading  could  be  seen  on  the  or^er  ring  A, 

Lick  Observatory,  Mt.  Hamilton,  1889  March  4. 


at  about  one-third  of  its  width  from  the  outer  edge.  If  no 
higher  power  had  been  available,  we  should  have  said  that 
we  had  had  an  excellent  view  of  the  Eneke  division  (or 
shading). 

With  a  power  of  1500  the  appearance  was  different.  The 
divisiou  near  the  outer  edge  of  the  ring  then  became  visible, 
not  as  a  shade,  but  as  a  distinct  black  line  of  exceeding  fine- 
ness, and  from  this  a  dark  shading  extended  inward  nearly 
to  the  inner  edge  of  the  ring.  Mr.  Barnard  placed  the 
maximum  depth  of  shade  at  one-third  the  distance  from  the 
outer  edge,  or  where  the  Eucke  shading  appeared  with  the 
lower  power.  To  one  it  seemed  farther  out,  nearly  at  the 
divisiou  which  separated  the  shading  from  the  brighter  mar- 
gin of  the  ring.  The  narrow  strip  lying  between  the  division 
and  the  outermost  edge  of  the  system  appeared  to  both  of  us 
to  be  the  brightest  part  of  ring  A. 

The  outline  of  the  planet's  shadow  on  the  ring  was  seen 
with  the  greatest  distinctness,  and  was  a  perfectly  smooth 
curve,  agreeing,  as  nearly  as  we  could  judge,  with  that  re- 
quired by  geometrical  principles.  A  very  minute  irregularity 
could  easily  have  been  detected. 

In  my  opinion  the  division  described  above  is  a  permanent 
feature  of  the  outer  ring,  but  it  is  so  minute  that  it  may  fairly 
be  classed  among  the  most  difficult  and  delicate  of  planetary 
details,  requiring  the  most  powerful  instruments  and  excep- 
tional atmospheric  conditions  for  its  observation. 


176 


THE     ASTRONOMICAL    JOURNAL 


N°-  190. 


SOME   OBSERVATIONS   OF   THE   VARIABLE   STAR    U  QEMINORUM, 


BY  PAUL  s. 

During  January  and  February  of  the  current  year  I  have 
obtained  seven  observations  of  this  star. 

A  watch  was  begun  for  it  1888  December  "24,  and  it  was 
looked  for  on  every  available  opportunity,  but  not  seeu  until 
1889  January  3.  when  it  was  found  in  the  field,  where  it  had 
certainly  not  been  visible  on  the  evening  of  January  1,  when 
it  was  looked  for.  At  this  observation  the  star's  light  was 
estimated  as  a  rather  bright  9th  magnitude,  being  1  steps 
>  DM.  +22°  1815;  it  was  easily  identified  by  its  light  and 
its  livid  bluish  color. 

Unfavorable  weather  prevented  further  observation  until 
January  11.  when  the  star  was  again  looked  for,  but  not 
seen. 

On  the  23d  of  January,  as  I  was  observing  in  its  neighbor- 
hood, I  turned  the  telescope  on  U,  and  was  considerably  sur- 
prised to  find  the  star  again  visible  ;  the  fact  of  its  having 
been  seen  three  weeks  before  threw  a  doubt  on  the  identity 
of  the  object,  but  a  careful  alignment  and  comparison  with 

Dorchester,  Mass.,  1889  March  6. 


YENDELL. 

the   chart,    together    with    the   star's    subsequent  behavior, 
placed  the  matter  beyond  a  doubt. 

The  star's  light  at  this  observation  was  estimated  to  be 
=  DM.  +22°  1811,  or  9M.3  ;  the  observations  obtained  were 
as  follows  : 


1889  Jan. 

23.33 

9.3 

25.3 

9.3 

29.33 

9.6 

30.29 

9.8 

31.32 

10.3 

Feb. 

1.31 

11.0 

From  the  first  two  observations  it  appears  probable  that 
the  star  may  have  passed  a  maximum  January  24,  but  the 
absence  of  any  observations  which  may  with  certainty  be 
assigned  to  the  rising  curve,  leaves  the  question  in  doubt. 

The  instrument  used  was  my  Clacey  4i-inch  refractor,  with 
one  eyepiece,  giving  a  power  "of  36,  and  a  field  of  about  80'. 


COMETS   OF   THE    YEAR   1888. 

The  Dates  are  in  Greenwich  Mean   Time,  and  the  Elements  only  approximate. 


1  lesignation 

Perihelion 

ft 

to               i 

<1 

</> 

Discoverer 

Date 

S\  oonyzD 

I 

Mar.    16.909 

o        I 

245   23 

o         , 

359   55 

O            I 

42    15 

0.6988 

o          ' 

84   10 

Sawerthal 

Feb.    18 

a  1888 

elliptic 

II 

June   27.990 

334  39 

183  57 

12  53 

0.3431 

57   43 

Tebbutt 

July     8 

b    1888 

Kncke's 

III 

July    31.155 

101   30 

m  14 

71    12 

0.9023 

Brooks 

Aug.    7 

c    1888 

IV 

Aug.   19.537 

209  42 

201    14 

11    20 

1.7381 

33   18 

at  Nice 

Aug.    9 

d  1888 

Five's 

V 

Sept.  12.998 

137  35 

291     4 

56  27 

1.5216 

Barnard 

Oct.   30 

f  1888 

elliptic? 

The  comet  e  188S,  discovered  by  Barnard  Sept.  2,  is  probably  1889  I. 


REPORTED   CHANGE   IN    SATURN S  RING. 

A  telegram  from  Kiel,  March  13,  says  : 

Terby  announces  '■'region  blanche  sur  anneau  Satume  contre  ombre  globe." 

This  we  translate  as  giving  notice  of  the  appearance  of  a  white  region  upon   the  ring,  adjacent  to  the  shadow  of  the 
planet  itself. 

Professor  (j.  H.  MacLeod  of  Montreal  telegraphs,  "  Bright  spot  in  ring  observed  ;  appears  brightest  toward  inner  edge." 


C  0  N  T  E  X  T  S  . 
Somi    Observations  of  Variable  Stars  in  1888,  by  Mi;.  Edwin  F.  Sawyer. 

<  )cii  i.iunN  o)    .ii  piter,  1889  March  "-'-J-  by   Mr.   William  Bellamy. 
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OX   THE   ELEMENTS    AND   LIGHT-Y  A  KIATIOX   OF   X  CTGJSfl, 

By  PAUL  S.  YENDELL. 


The  variability  of  this  star  was  discovered  by  Mr.  Chand- 
ler in  1886.  and  announced  by  him  in  the  Astronomical 
Journal,  Vol.  VII.  p.  32.  'This  announcement  was  followed 
bv  the  publication,  on  p.  59  of  the  same  volume,  of  his  ob- 
served times  of  maximum  and  minimum,  together  with  his 
elements  deduced  therefrom  :  which  elements  were  afterward 
adopted  in  his  Catalogue  of  Variable  Stars,  in  which  the  star 
is  No.  74.">T. 

I  began  observing  this  star  in  May.  1888  :  a  rough  experi- 
mental reduction  of  the  first  six  or  eight  weeks'  observations 
rather  indicated  that  the  period  assigned  might  be  in  error, 
but  no  further  reduction  was  made  until  toward  the  begin- 
ning of  December.  1888.  Upon  reducing  and  plotting  all 
the  observations,  it  became  evident  that  no  hypothesis,  based 
on  the  above-mentioned  elements,  would  satisfy  the  observed 
discrepancies  :  my  observations  were  continued  until  the  be- 
ginning of  the  current  month,  when  a  consideration  of  my 
results,  and  comparison  with  Mr.  Chandler's  published 
times  of  maximum,  showed  an  entire  revision  of  the  star's 
elements  to  be  necessary.  The  observations  of  Mr.  Sawyer, 
made  in  the  summer  and  winter  of  18*7.  and  kindly  com- 
municated by  him  in  a  graphic  form,  were  of  important  as- 
sistance in  arriving  at  this  conclusion.  These  are  not  given 
here,  as  Mr.  Sawyer  contemplates  publishing  them  here- 
after. 

To  arrive  at  the  new  elements,  an  experimental  period, 
being  the  mean  one  indicated  by  my  own  observations,  was 
employed,  with  the  principal  epoch  given  by  Mr.  Chandler  : 
from  this,  hypothetical  elements  were  deduced  by  a  graphic 
process,  the  residuals  from  which,  treated  by  the  method  of 
least  squares,  give  the  following  elements,  which  appear  to 
be  the  best  at  present  attainable. 

1886Oct.l0d6I,llm.8C.M.T.±52m.3.+16  "  1~±2S.3.E 

The  probable  error  of  a  single  determination  of  maximum, 
of  weight  unity,  is  ±0d.69. 

The  residuals  obtained  by  the  use  of  these  elements  group 
themselves  in  a  manner  to  slightly  suggest  a  periodical  irreg- 
ularity in  the  time  of  variation,  but  further  observations  are 
needed  to  decide  whether  this  is  real  or  merely  subjective. 


In  arriving  at  these  results,  the  maxima  alone  were  em- 
ployed, as  the  variation  of  the  interval  between  the  minimum 
and  maximum,  which  is  from  3d. 3  to  8d.7,  with  the  flatness 
of  the  light-curve  at  minimum  make  the  maximum  phase  the 
only  one  which  it  is  possible  to  fix  with  precision  ;  the  same 
characteristics,  together  with  the  great  fluctuation  in  the 
star's  light-range,  render  any  mean  light-curve  that  could  be 
drawn  of  little  or  no  value  in  reducing  the  observations  :  on 
this  account  my  times  of  maxima  and  minima  given  in  the 
subjoined  table  were,  without  exception,  obtained  by  Pou- 
sox's  method  from  the  single  light-curves. 

In  the  table  the  epochs  from  Mr.  Chandler's  elements 
and  my  own.  above  given,  are  respectively  designated  by  EC 
and£)':  the  residuals  are  in  like  manner  distinguished  by 
the  same  initials. 

Observed  Minima. 


C 

r 

EC 

EY 

Cambridge 

M.T. 

0— c 

0 — C       p       Observer 

3 

3 

1886  Nov. 

25d.O 

+  2.3 

+  3.5       - 

S      Chandler 

-1 

4 

Dec. 

8.6 

+  0.5 

+  0.7 

5 

5 

Dec. 

25.0 

—1.3 

+  0.7 

, . 

6 

6 

188 

1  .Jan. 

11.3 

+  0.8 

+  1.6 

24 

23 

Oct. 

15.3 

—0.3 

—0.2 

i< 

25 

24 

Oct. 

31.1 

—1.7 

—0.8 

. . 

26 

25 

Nov. 

16.9 

—0.5 

—0.4 

u 

27 

26 

Dec. 

4.3 

+  1.3 

+  0.6 

C£ 

39 

37 

1888  J 

2.4 

—4.8 

+  1.2       - 

Y. 'Udell 

40 

38 

June 

18.2 

—4.6 

+  0.6       1 

41 

39 

July 

3.8 

—4.6 

—0.2 

42 

40 

July 

20.8 

—3.2 

+  0.4 

" 

44 

42 

Aug. 

23.8 

—0.4 

+  1.6       ] 

£( 

45 

43 

Sept. 

7.3 

—1.5 

—0.3       ] 

.  . 

46 

44 

Sept. 

24.4 

0.0 

+  0.4       -, 

- 

47 

45 

Oct. 

10.6 

+  0.6 

+  0.2       i 

48 

46 

Oct. 

27.8 

+  2.2 

+  1.0       1 

40 

47 

Nov. 

11.3 

+  1.3 

—0.9       ] 

50 

48 

Nov. 

28.4 

+  2.6 

—0.2        1 

51 

49 

Dec. 

14.6 

+3.2 

—0.4       1 

l( 

52 

50 

Dec. 

29.1 

+  2.1 

—1.3       ] 

tl 

53 

51 

188S 

Jan. 

15.6 

+  4.0 

—1.2       1 

" 

54 

52 

Feb. 

1.2 

+  5.0 

—1.0       1 

55 

53 

Feb. 

17.2 

+  5.4 

—  1.4        1 

" 
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N°  lid 


Observed   Maxima. 


EC     E7      Cambridge  M.T. 

3  1886  Nov.  28.3 
Dec.  13.7 
Dec.  31.9 
Jan.  16.1 
Sept.  21.2 
Oct.  7.4 
Oct.  22.7 
Nov.  8.3 
Nov.  23.7 
.lime  8.3 
June  26.6 
July  11.7 
July  28.8 
Aug.  30.2 
Sept.  14.1 
Sept.  -.'9.6 
Oct.  17.3 
Nov.  4.0 
Nov.  18.3 
Dec.  6.0 
Dec.  21.6 
Jan.  6.8 
Jan.  23.8 
Feb.  8.1 
Feb.    24.9 


C  Y 

( »_c         O— C 


3 

3 

1886 

4 

4 

5 

5 

6 

6 

1887 

22 

21 

23 

22 

24 

23 

25 

24 

26 

25 

39 

37 

1888 

40 

38 

41 

39 

42 

40 

44 

42 

45 

43 

46 

44 

47 

45 

48 

46 

49 

47 

50 

48 

51 

49 

52 

50 

1889 

53 

51 

54 

52 

55 

53 

— 0 

— 1, 

+  1 

+  1. 

— 0. 
+  0, 
— 0. 
+  0. 
+  0. 
—4 
— 1. 

2 

— 0. 
+  0. 
— 0. 
— 0. 
■fl. 
+  3. 
+  2. 
+  4. 
+  4. 
+  5. 
+  6. 
+  6. 
+  7. 


—0.2 
—  1.2 
+  0.6 
—0.6 
+  1.5 
+  1.3 
+  0.2 
+  0.4 
—0.6 
+  0.8 
+  1.6 
+  0.8 
+  1.5 
+  1.1 
—0.4 
—1.3 
0.0 
+  1.3 
—0.8 
—0.5 
—0.3 
—0.5 
—0.4 
—1.1 
—0.5 


1 
1 
1 
h 

1 
1 
1 
1 
1 
1 
1 
1 
1 
i 

2 
1 

1 

1 

1 

1 

1 

1 

1 
1 

1 


( Ibserver 
Chandler 


YentU'll 


The  interval  from  minimum  to  maximum  is  given  by  Mr. 
Chandler  as  5.6  days  ;  it  fluctuates  in  the  observations 
from  3.3  days  to  8.7  days,  as  stated  above;  the  brute  mean 
of  all  the  observed  intervals,  being  6.9  days,  is  used  in  ob- 
taining the  residuals  O—C  (  Y)  in  the  table  of  Minima  above. 

The  light-fluctuations  of  the  star  are  of  an  extremely  in- 
teresting character.  The  halt  in  its  decrease  alluded  to  by 
Mr.  Chandler  on  p.  32  of  Vol.  VII  of  this  Journal  is  shown 
on  several  of  the  curves  plotted  from  my  own  observations  ; 
especially  in  the  case  of  Epoch  53,  the  observation  made  on 
the  morning  of  March  2  showing  a  sharp  rise  of  fully  one- 
fourth  of  a  magnitude  since  the  preceding  morning,  and 
rising  quite  to  the  importance  of  a  secondary  maximum  ;  un- 
favorable weather  unfortunately  prevented  observation  on 
the  next  day,  and  none  has  since  been  obtained  of  the  star. 

The  light-curve  generally  rises  quite  sharply  from  mini- 
mum to  maximum,  the  change  observed  at  times  of  greatest 
light-range  having  been  in  several  cases  as  much  as  one-half 
magnitude  in  two  days  :  as  the  light-range  decreases,  the 
curve  flattens,  so  that  in  the  times  of  least  variation  it  is  as 
flat  at  the  maximum  as  it  always  is  at  the  minimum.  It  is 
noted  that  there  is  a  general  correspondence  between  the 
magnitudes  at  the  two  phases,  so  that  when  the  star  is  bright 
at  maximum,  the  minimum  is  usually  bright  also ;  and  when 
the  maximum  brightness  is  less,  the  minimum  is  correspond- 
ingly faint.  There  is  a  strong  suggestion  of  periodicity 
in  this  variation,  which,  so  far  as  they  go,  Mr.  Chandler's 
observations  rather  confirm   than  contradict  ;  but  a   longer 
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and  more  continuous  series  of  observations  must  be  had  lie- 
fore  this  question  can  lie  decided. 

It  was  at  first  supposed  that  a  correspondence  was  indi- 
cated between  this  fluctuation  and  the  variation  of  the  inter- 
val from  minimum  to  maximum  :  but  this  idea,  while  not 
distinctly  negatived  by  my  observations,  can  not  be  said  to 
be  definitely  borne  out  by  them,  and  must  be  left  for  future 
investigation  to  settle. 

1  subjoin  a  table  of  the  observed  values  of  the  star's  light 
at  maximum  and  minimum  phases  ;  those  of  Mr.  Chandler 
were  kindly  furnished  by  him  for  the  purpose,  in  manuscript. 
Mr.  Chandler's  observations  are  given  in  his  scale,  as  he 
gave  them,  and  my  own  with  the  correction  +5.5  steps, 
which  nearly  equalizes  the  two  scales;  the  following  are  the 
comparison-stars  used,  being  the  same  as  designated  by  Mr. 
Chandler. 


Chandler's 

Y 

endell's 

a 

o8 

L 

ight-scale 

Li 

ght-scale 

r+5.5 

a 

20  23"W 

+  35°  58.5 

15 

8.5 

14.0 

b 

20  36  43 

34  56.4 

10 

4.5 

10.0 

(1 

20  34   16 

34  52.5 

7 

2.7 

8.2 

f 

20  35     9 

+  34  31.4 

6 

0 

5.5 

Light- Values  at  Maximum  and  Minimi  m. 
Min.  Max. 


E 

C 

1+5.5 

C 

r+5.5 

Observer 

3 

4.5 

12.5 

Chandler 

4 

3.0* 

13.5 

1 . 

5 

4.0 

i. 

6 

4.0 

IC 

21 

13.2 

CI 

22 

11.3 

.. 

23 

6.2 

12.8 

(( 

24 

6.2 

1  ■_>.:! 

25 

3.0 

.1 

37 

7.:; 

1 1.6 

Yendell 

38 

7.2   * 

12.4 

ic 

39 

7.2 

13.1 

.. 

40 

7.5  * 

13.9 

. . 

42 

7.1    * 

13.25 

.. 

43 

6.9 

13.9  * 

.  * 

44 

6.75* 

12.1 

. . 

45 

6.2 

12.1    * 

• . 

46 

6.2 

11.1 

. . 

17 

7.2  * 

13.2 

•• 

48 

5.6 

11.3 

•• 

49 

6.75* 

11.0 

•  t 

5ll 

5.6 

lu. 5   * 

*" 

51 

6.2 

12.1   * 

" 

52 

6.5 

11.3   * 

*  I 

5.", 

12.4 

•  » 

■  Maxima 

and  minima 

uTected  by  moonlight. 
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A   STUDY   IX    THE   RESIDUALS   OF   MERCURY, 


By  ORRAY  TAFT  SHERMAN. 


In  this  Journal,  No.  173.  we  have  given  a  method  of 
exainiuing  the  residuals  for  Mercury,  and  the  first  results 
thereof.  The  results  then  given  are  derived  from  all  the 
observations  without  rejection.  In  two  c-a>es.  c  =  165°, 
and  v  =  255°,  a  continued  study  was  unable  to  find  any 
probable  forces  capable  of  producing  so  large  an  effect. 
A  critical  examination  showed  it  to  be  mainly  dependent 
upon  six  large  residuals  occurring  in  one  year,  and  at  the 
same  observatory.  We  may  speak  similarly  of  u  =  255°. 
Rejecting  these  large  residuals  the  periodic  variation  to 
I.i  Verrier's  second  tables  stands  as  follows: 


Sv 


8r 


15 

—  2.64 

—0.0000048 

4.". 

+  1.39 

—0.0000052 

75 

+  3.04 

—0.0000134 

105 

+  0..V.I 

—0.0000070 

135 

+  2.51 

—0.0000100 

165 

—O.i  .2 

+0.00 87 

195 

+  1.64 

—0.00C 22 

225 

— O.4.". 

—0.0000002 

255 

—1.92 

+  0.0000010 

285 

+  0.5C 

—0.000 18 

315 

+  0.7'i 

—0.0000012 

345 

— 4.M 

—0.0000005 

The  increment  of  LeYerriek's  value  of  the  progression  of 
the  perihelion  becomes  3". 944.  yielding  with  the  constant 
38". 3  an  increment  of  42". 2  14  in  the  century.  This  value 
agrees  more  closely  than  the  former  with  Newcohb  and 
Hill's  value  42". 95.  As  will  appear  later,  we  may  not  ex- 
pect a  close  agreement. 

These  values  show  a  motion  for  the  disturbed  planet  in 
the  arc  from  v  =  285°  to  v  =  315°.  very  nearly  identical 
in  velocity  and  path  with  the  undisturbed.  Starting  there- 
from, we  have  calculated,  by  the  application  of  the  ordinary 
formulae,  the  mean  forces  necessary  to  produce  the  disturb- 
ance at  v  =  315°,  and  also  the  position  that  should  have 
been  attained  by  the  planet  so  disturbed  at  the  time  when 
the  undisturbed  planet  should  reach  v  —  345°.  The  dis- 
crepancy between  the  observed  and  thus  calculated  position 
at  v  =  345°  furnished  the  values  of  the  disturbing  forces 
for  the  arc  v  =  315°  to  v  =  345°.  Taking  the  mean  of 
these  two  forces,  and  considering  it  as  acting  uniformly 
through  the  arc  v  =  285°  to  v  =  345°,  we  have  again 
calculated  the  position  of  the  thus  disturbed  planet  at  the 


time    the    undisturbed    planet   should   arrive    at     o  =  15°. 
Thence  proceeding  as  before. 

It  would  have  I 'ecu  better  to  represent  both  R  and  5  as 
functions  of  v,  integrating  anew  in  each  case,  but  the  labor 
would  have  been  thrown  away  in  the  present  case. 
R  ,  S 


The  values  of 


and 


obtained  there- 


k-(l  +  m)    '         ft*(l+ro) 

by  are  as  follows,  R  being  positive  in  the  direction  from 

the    sun,  and    S  positive   in    the   direction   of   the   planet's 

motion. 

R  S 


285  -315 
315  -  345 

345  -    15 

15  -    45 

45  -     75 

75  -  105 

105  -  135 

135  -  165 

165  -  195 

195  -  225 

225  -  255 

255  -  285 


fc*(l+m) 

—0.0000162 
—0.0001009 
+  0.0000331 
+  0.0001751 
+  0.0007179 
+  0.0008093 
+  0.0002207 
+  0.0000916 
—0.0001251 
—0.0001442 
—0.0007078 
—0.0017085 


fc^l+ro) 

—0.0000035 

+  0.0000056 
—0.0001191 
—0.0000053 
—0.0000853 
—0.0000961 
-0.0000052 
—0.0000003 
—0.0000351 
+  0.0000006 
—0.00001121 
+0.0002764 


These  values  gain  greatly  in  suggestiveness  when  com- 
pared  with  their  relation  to  the  solar  surface.  In  drawing 
up  the  following  table  the  values  for  the  same  northern  and 
southern  latitudes  have  been  joined  as  one.  It  will  be  ap- 
parent that  the  maximum  effect  is  near  the  solar  equator, 
and  the  effect  decreases  as  the  solar  latitude  becomes  greater. 
The  lower  latitudes  correspond  to  the  sun-spot  belt;  the 
higher  latitudes  are  in  the  region  of  least  sun-spot  action. 


Helic. 

R 

S 

Latitude 

A-(l+»i) 

t?(l+m) 

0-18 

+0.0007622 

—0.0000907 

18-31 

+  0.0001979 

—0.0000052 

31  -37 

+  0.0000623 

— 0. 0001 154  7 

37-31 

—0.0001180 

—0.0000147 

31  -  18 

—0.0000804 

—0.0000013 

18-0 

—0.0012082 

+  0.0001371 

The  connection  thus  presented  with  solar  action  should,  if 
true,  also  vary  in  the  sun-spot  period.  We  have  therefore 
examined,  and  herewith  present  the  mean  values  of  the 
variations  in  latitude  and  longitude.  The  grouping  in  the 
former  paper  has  been  preserved. 


Fourth  and  fifth  year  before  maximum 
Second  and  third  year  before  maximum 
Year  of  maximum,  year  before  and  after 
Second  and  third  year  after  maximum 
Fourth  and  fifth  year  after  maximum 


Mean  variation  in 
Longitude  Latitude 


+  1.0373 
+  0.2507 


+  1.5638 
+  0.7388 
+  1.8281 


—0.4114 
—0.5610 


—0.2126 
—0.1517 
+  0.1469 


Mean  variation  in 
Longitude  Latitude 


+  0.0182 
—0.3629 


+  0.0988 
—0.1514 
—0.0506 


+0.1923 
—0.5301 


—0.0604 
—0.1215 
+  0.1435 
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It  will  be  at  once  seen  that  the  rhief  discrepancies  occur 
in  the  years  of  increasing  sun-spots.  This  result  is  strictly 
in  accordance  with  the  result  formerly  presented  by  the  dis- 
cussion of  Encke's  cornel  {A.  J.,  No.  181).  Totally  unex- 
pected it  renders  a  new  grouping  of  the  original  observations, 
and  a  more  numerous  collection  of  observations,  necessary 
before  any  numerical  conclusions  can  be  drawn. 

We  may  note  further,  that  the  forces  deflecting  the  planet 
arc  sunward  when  the  planet  is  in  that  part  of  space  towards 


which  the  sun  is  traveling,  and  away  from  the  sun  when  the 
planet  follows  in  his  path.  Taken  in  connection  with  the 
story  told  by  Encke's  comet,  this  would  seem  to  indicate  a 
considerable  amount  of  matter  coming  to  the  sun  from  space 
If  so,  its  place  of  meeting  with  the  matter  coming  from  the 
suu  should  abound  in  collisions,  and  display  local  spectra 
showing  bright  lines.  Our  knowledge  of  the  zodiacal  light 
is  fully  in  accord  with  such  a  supposition. 


REPORTED   CHANGES   IN   THE   RINGS   OF    SATURN, 

By  EDWARD  S.  HOLDEN,  Director  of  the  Lick  Observatory. 


At  7  p.m.,  on  March  13,  the  following  telegram  was  re- 
ceived by  the  Lick  Observatory  : 

■'Kk'.i'okr  cables  that  Terby  announces  appearance  of  white 
region  ou  Saturn's  rings  against  globe's  shadow. 

J.  Ritchie,  Jr." 

As  Saturn  has  been  pretty  closely  followed  at  the  Observ- 
atory during  the  past  winter,  whenever  the  weather  would 
permit,  it  may  be  of  interest  to  give  our  observations  some- 
what in  detail,  especially  such  as  have  been  made  during  the 
month  of  March. 

The  results  of  examinations  made  previous  to  this  time 
are  given  in  a  paper  by  myself,  which  is  printed  in  the  Side- 
real Messenger  for  January,  1889,  and  in  two  by  Mr.  Keeler. 
The  first  of  these  was  printed  in  Cielet  Terre,  No.  21,  p.  514 
(January,  1889)  ;  the  second  was  printed  in  the  Astronomi- 
cal Journal,  Vol.  VIII,  p.  175. 

On  March  2,  Saturn  was  carefully  examined  by  Mr. 
Keeler.  Mr.  Schaeberle,  Mr.  Barnard  and  myself  for 
several  hours,  from  about  7  p.m.  to  midnight,  under  the 
most  satisfactory  conditions. 

Our  chief  attention  was  directed  to  King  A,  where  the  new 
division  first  found  by  Mr.  Keeler  in  January.  1888,  Was 
plainly  seen  by  all  of  us.  I  looked  carefully  at  the  whole 
system,  and  I  am  positive  that  nothing  abnormal  was  to  be 
seen. 

On  March  7.  a  long  storm  began,  which  lasted  till  2  p.m. 
of  March  10,  with  heavy  rain  and  strong  gales. 

On  March  14,  Mr.  Barnard  examined  Saturn  with  the 
12-iuch  equatorial  between  sidereal  Hi1'  and  101'  20'",  through 
rifts  in  the  clouds.  The  seeing  was  very  good;  wt.  r=  4. 
Power  175.     Nothing  abnormal  was  seen. 

March  15  was  cloudy. 

Ou  Saturday,  March  16,  Saturn  was  observed  by  Mr. 
Schaeberle,  and  Mr.  Keeler,  at  the  following  hours,  witii 
the  36-iuch  equatorial,  viz.  :  at  8.30,  10,  11.  12,  1,2  P.S.T. 
The  seeing  was  poor.  Nothing  unusual  was  seen  by  either 
observer,  nor  by  myself  at  8.30  ami  Id. 


Mr  Barnard  also  observed  with  the  12-iuch,  powers  17."> 
and  400,  wt.  3  to  4,  at  sidereal  times  8h  50"',  10h,  101'  30'", 
ll1'  20,  12''  5'".      Nothing  unusual  was  seen. 

March  17  was  cloudy. 

On  March  18,  Mr.  Schaeberle  and  Mr.  Keeler  examined 
the  planet  with  the  36-inch  equatorial  at  8h  30m,  9h  50n\  11\ 
12h  P.S.T. ,  without  seeing  anything  more  than  is  described 
below.     The  seeing  was  poor;  wt.  =  1. 

About  101'  30'",  I  made  a  sketch  of  the  appearances  ou  the 
ring.  The  seeing  was  so  poor  that  the  Cassini  division  was 
not  seen  to  extend  so  far  as  the  shadow  of  ball  on  rings.  I 
noticed  a  certain  deformation  or  lump  extending  across  rings 
A  and  B  about  half  as  wide  as  the  shadow,  and  close  to  it. 
This  was  ill  defined,  yellowish,  not  whitish,  and  I  ascribed 
it  to  poor  seeing.  A  similar  appearance  was  seen  across 
both  A  and  B  where  I  hey  met  the  ball  of  the  planet  ou  the 
s.  p.  side.  At  8  p.m.,  1  also  examined  the  planet  with  the 
12-inch. 

Mr.  Barnard  also  observed  at  sidereal  71'.  71'  40"',  9"  45", 
1  jji  45">5  witb  the  12-inch  equatorial. 

March  lit  was  cloud}*,  with  rain. 

March  20,  Mr.  Schaeberle  and  Mr.  Keeler  observed 
with  the  36-inch  equatorial  at  8h,  ;t\  10h,  llh  P.S.T.  1  also 
looked  carefully  from  ldj  to  10|  :  wt.  =  2.  Same  appear- 
ance as  March  18. 

Mr.  Barnard  looked  at  Saturn  in  the  early  evening  with 
the  12-iuch.  Seeing  nothing  unusual,  the  rest  of  the  night 
was  given  to  photography. 

On  March  21,  from  7.30  to  8  P.S.T..  Mr.  Schaeberle 
and  myself  examined  the  planet  with  the  36-inch  equatorial. 
Seeing  poor  :  wt.  =  2.  Appearances  as  ou  March  18  and 
20. 

The  lumpish  appearance  next  the  shadow  (and  also  where 
the  rings  pass  beyond  the  ball)  was  visible.  It  seemed  to 
us  to  be  clue  to  poor  vision,  and  to  the  proximity  of  the  dark 
shadow  to  the  bright  ring-system.  Mr.  Schaeberle  sug- 
gested an  experiment  which  was  tried  as  follows  : 

An  occulting  bar  was  put  in   the  eye-piece,   and   brought 
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over  different  parts  of  the  planet.  Wherever  it  was  placed 
a  brighter  confused  lump  seemed  to  rise  and  to  border  the 
bar.  If  the  bar  was  over  the  ball,  this  blighter  border  ex- 
tended all  across  the  disc.  If  it  was  placed  on  the  ring  the 
appearance  was  just  thai  of  the  lump  bordering  the  true 
shadow  of  ball  on  rings.  We  therefore  concluded  that  there 
was  absolutely  nothing  abnormal  on  the  rings,  and  that  the 
appearances  seen  were  due  to  bad  atmospheric  conditions 
alone.  During  this  night  the  aperture  of  the  large  telescope 
was  reduced  to  12  inches  for  a  part  of  the  time. 

Mr.  Barnard  examined  Saturn  with  the  1  "2-inch  at  side- 
real 6h  50ni,  with  powers  150,  175,  400,  wt.  =  2;  and  at 
12h  25"',  with  powers  150,  175.  wt.  =  3. 

On  March  22.  the  senior  class  of  the  University  of  the 
Pacific  visited  the  Observatory  between  7h  and  9h,  and  our 
observations  were  not  as  continuous  as  we  should  have  liked 
them  to  be.  Shortly  after  the  class  had  gone,  the  sky  lie- 
came  worse.  From  81'  to  91'  the  seeing  was  superb,  and  a 
power  of  2000  was  used  to  advantage  on  the  large  equa- 
torial. No  person  has  ever  seen  Saturn  t » >  any  better  ad- 
vantage, than  the  observers  E.S.H..  J. M.S.  and  J.E.K. 
The  appearance  of  the  whole  planet  was  absolutely  normal, 
and  the  fine  division  in  Ring  A,  first  seen  by  Mr.  Keeler  in 
January,  1888,  was  visible. 

Mount  Hamilton.,  I^^!1  March  25. 


About  10h  the  seeing  became  worse,  wt.  =  3,  and  the 
lumpish  appearance  on  the  ring  near  the  shadow  returned. 
It  is.  therefore,  due  to  bad  seeing,  or  at  least,  is  only  seen 
when  the  air  is  unsteady. 

Mr.  Barnard  examined  the  planet  at  sidereal  71'  and 
:i!'  30m  with  tin-  12-inch. 

March  21.  appearances  as  before,  with  both  equatorials. 
Observers,  E.S.H.,  J. U.K.,  E.E.B. 

Mr.  Barnard  remarks  on  his  series  of  examinations,  that 
nothing  was  seen  which  was  inconsistent  with  former  obser- 
vations, or  that  could  not  readily  be  attributed  to  poor  see- 
ing. On  March  21,  he  suspected  a  slight  whitishness  on  the 
rings  near  the  shadow,  but  the  seeing  was  poor,  and  he 
places  no  reliance  ou  this. 

Mr.  Schaeberle  thinks  that  the  contrast  between  the 
brightness  of  the  outer  and  inner  portions  of  Ring  li  is 
stronger  than  it  appeared  in  the  same  telescope  several 
mouths  ago,  the  shading  near  the  inner  edge  being  now  much 
more  marked  to  him.  The  other  observers  do  not  notice 
anj  change. 

1  therefore  conclude  that  no  abnormal  appearances  ou  the 
rings  of  Saturn  have  been  seen  at  the  Lick  Observatory  on 
any  of  the  dates  of  observation  by  any  one  of  four  ob- 
3en  ers. 


ELLIPTIC    ELEMENTS   OF   COMET  1888  \ 

By  Rev.  GEORGE  M.  SEARLE. 

tained.      Follow  in" 


(BARNARD,  Oct.  30), 


Having  received,  through  the  kindness  of  Mr.  Wendell, 
of  Harvard  College  Observatory,  three  observations  of  this 
comet,  made  ou  Feb.  28,  Mar.  1,  and  Mar.  7,  I  constructed 
a  normal  place  for  Mar.  3.0  Green w.  M.T.  ;  also  oue  from 
live  other  observations,  for  Jan.  1.0,  and  computed  one  for 
Nov.  l.ii  from  Winlock's  orbit,  published  in  Astronomical 
Journal,  No.  187.  This  agreed  to  1"  with  the  place  com- 
puted for  the  same  date  from  my  own  orbit  in  the  same 
number. 

These  three  places  gave  a  parabolic  orbit  with  the  follow- 
ing (O — C)  residuals: 

J/.  =  +2' 46"  .  J(3  -  —15". 
From  the  movement  of  the  comet,  ou  Jan.  1.  principally  inp1, 
aud  making  a  large  angle  with  the  circle  joining  its  place  with 
that  of  the  sun,  it  would  seem  that  changing  v  would  chiefly 
affect  the  latitude,  and  therefore  not  produce  an  agreement ; 
and  in  fact  by  taking  the  indicated  value,  0.00173,  for  B„  I 
obtained  an  orbit  representing  the  middle  place  to 

j;.  =  +4"    ,    j(3  =  +7". 

It  appeared,  however,  on  comparison  of  this  orbit  with 
observations  of  Nov.  11,  21,  Jan.  27,  and  Feb.  18,  that  an 
average  correction  of  +14"  in  X  was  indicated  ;  the  value  of 
B,  was  therefore  increased,  and  another  elliptic   orbit  ob- 


ue  the  three  orbits,  for  equinox  1888.0;. 
in  the  third  the  value  of  log  r  was  also  varied. 


T  Sept.  12.9608 


CO 

i 
<1 
<P 
Period 


loo 


137  32  5:1 

291  9  17 
56  3:)  18 
IU.S6302 


The  third  gives  the 


Sept.  12.7864 

137  32     5 

290  50     7 

56  22  41 

0.184358 

82°  43'  17" 

2613  years 

residuals      JA  = 


(Sept.  1 2. 77  i  1 
137  31  48 
290  46  57 
56  20  51 
0.183996 
82  21  20 
2253  years. 

-15"     Jp1  =  —5". 


The  two  elliptic  orbits  represent  the  other  observations, 
as  follows  ( ( ) — C)  : 


j;. 


The  residuals  for  my  own  observation  of  Dee.  13  are 
Ja,  —8",  —24"  ;     Jp1  +  13",  +4"  ; 
showing  an  error  in  ).  in  that  observation  which  explains  the 
comparatively  short  period  deduced  from  it. 

It  seems  probable  that  the  normal  places  of  Jan.  1  aud 


Nov.  11 

Nov.  11 

Nov,  21 

Jan.  27 

Fell.    IS 

Wash. 

Lick 

Wash. 

Wash. 

Wash. 

j  +10" 

+  3" 

+  15" 

+  19" 

+  25" 

j  +   4" 

—3" 

+   4" 

+   8" 

+  22" 

1-  3" 

+  6" 

+   9" 

+  20" 

+  19" 

)  -  4" 

+  3" 

+    4" 

+   9" 

+  11" 
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Mar.  3  will  both  require  a  positive  correction  in  ).,  owing  to 
errors  either  of  computation  or  observation.  There  appears, 
however,  to  be  little  doubt  of  a  period  of  about  2000  years. 

The  following  ephemeris  has  been  calculated  from  the 
parabolic  orbit  previously  used,  as  the  cornel  will  still  be 
visible  with  large  telescopes;  corrections  of  — 18*  in  a  and 
+2'.0  in  S  being  applied,  as  indicated  bj  comparison  of  this 
with  the  place  resulting  from  the  third  orbit  above,  mi 
April  14. 


Ephemeris  for  Greenwich  Midnight  (1889.0). 


1885) 

a 

S 

log  A 

Bright!) 

Apr.     2 

9 

20  37 

+37 

2.9 

0.3846 

0.16 

6 

21     3 

17.7 

4005 

.15 

10 

21   52 

28.8 

4161 

.13 

11 

23     3 

36.7 

4313 

.12 

18 

24  34 

-11.7 

4461 

.11 

22 

26  23 

41.1' 

4604 

.10 

26 

:i 

28   28 

+  37 

44.6 

0.4743 

(1.09 

SUMMARY  OF  SOLAR  OBSERVATIONS 

AT   THE   SHATTUCK   OBSERVATORY,    OF   DARTMOUTH   COLLEGE,    IX    1888, 

By  EDWIN   B.    FROST  (Instructor  in  charge). 


1888 

Days 

No.  of 

No.  of 

No.  of 

No.  of 

Days 

No.  of 

Observed 

Groups 

Spots 

New  Groups 

New  Spots 

observed 

Prominences 

Jan. 

3 

4 

7 

2 

7 

1 

I 

Feb. 

3 

3 

10 

3 

10 

1 

2 

Mar. 

3 

Q 

o 

9 

2 

8 

0 

Apr. 

7 

6 

12 

3 

8 

1 

1 

Mav 

1!) 

4 

20 

1 

8 

2 

0 

June 

10 

8 

40 

3 

16 

o 

a 

4 

July 

6 

3 

7 

3 

7 

3 

3 

Aug. 

2 

I 

1 

0 

0 

0 

Sept. 

10 

10 

35 

3 

6 

6 

7 

Oct. 

12 

4 

13 

2 

9 

8 

10 

Nov. 

15 

14 

57 

2 

16 

7 

1 

Dec. 

9 

5 

16 

2 

11 

1 

0 

90 

65 

227 

26 

106 

33 

29 

The  observations  are  made  by  projecting  an  image  of  eight 
inches  diameter  upon  a  blank  form  of  paper,  which  is  care- 
fully oriented  before  the  spots  are  drawn.  The  time  was 
usually  within  about  an  hour  before  or  after  noon. 

The  telescope  is  the  9.4-iuch  Clark  equatorial,  and  the 
eye-piece  is  of  power  50.  Any  unusual  phenomena  are 
studied  with  the  Merz  helioscope. 

•■New."  us  applied  to  groups  and  spots,   indicates   that 

Hanover,  N.  H.,   1889  April  4. 


they  have  not  been  observed  before,  thus  showing  the  num- 
ber that  have  been  developed  on  the  solar  surface,  as  seen 
here. 

No  remarkable  prominences  have  beeu  observed  during  the 
year;  none  have  been  seen  much  higher  than  1',  and  those 
lower  than  10"  or  12"  are  not  included  in  the  list  above. 

The  observations  seem  to  indicate  that  the  prominences, 
as  well  as  spots,  are  nearly  at  a  minimum. 


On  Sunday  morning,  March  24,  my  assistant  and  I  made 
the  following  observations  of  the  occultatiou  of  Jupiter. 


Phenomena 

Object 

(ilass 

Magn.       Columbia  College 
Power            Mean  Time 

i ibserver 

1st  Collt. 

13  in. 

113     Mar.  23  18  52  49.1 

.1.  K.  Rees 

1st  cont. 

1  •• 

38                   18  52  47.2 

L.  11.  Jaeohy 

2d   cont. 

13  ■• 

113                    18  54  48.2 

.1.  K.  Rees 

2d    cont. 

1  •• 

38                   18  54  47.5 

L.  H.  Jacobv 

OCCULTATIOX  OF   JUPITER, 

OBSERVED   AT   THE   OBSERVATORY'   OF   COLUMBIA    COLLEGE. 

The  third  and  fourth  contacts  were  lost  in  clouds. 

The  definition  during  first   and  second   contacts  was  very 
fair. 

The  times  were  recorded  by  chronograph,  and  the  clock- 
error  was  determined  by  star-transits  March  24. 

.1.   K.   Rees,  Director. 


Observatory  of  Columbia  College,  Xe>v  York  City,  1889  April 
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OCCULTATIOX   OF   JUPITER,   1889   MARCH   23, 


The  following  observations  of  the  occultation  of  Jupiter 
were  made  at  the  Haveiford  College  Observatory  by  Mr.  F. 
W.  Peiksox.     They  are  in  Haveiford  mean  time. 

h       m        s 

First  contact.                18  44  9.1 

Second     ••                     18  46  8.6 

Third        "                     19  44  24.2 
Haverford  College.  1889  March  26. 


Light  clouds  were  present  during  the  greater  part  of  the 
occultation.  No  satellites  were  visible,  and  Jupiter  itself 
was  very  faint. 

F.  P.   Leavenworth,   Director. 


DISCOVERY    OF    A 

By  E.  E.  BARNARD,  Astkon< 

On  the  evening  of  March  31,  at  81'.  I  discovered  with  the 
12-inch  equatorial,  a  very  small  and  extremely  slender  comet, 
the  head  not  being  over  10"  in  diameter,  with  a  tail  at  least 
15'  long.  In  the  head  was  an  extremely  small  star-like  nu- 
cleus of  the  13th  magnitude.  The  comet  was  faintish,  less 
than  12*. 

Lack  Obsercatory.  1889  April  .'!. 


COMET,    MARCH    31, 

OMER    OF   THE    Lll'K    OBSERVATORY. 

On  April  1.  the  tail  was  certainly  two  times  as  broad,  and 
much  diffused.  I  could  then  trace  it  for  only  10'.  I  thought 
the  comet  somewhat  brighter. 

April  2,  as  on  April  1,  except  that  bad  seeing  prevented 
the  nucleus  being  visible. 

I  send  the  observations  so  far  obtained. 


Mr.  Schaeberle  has  telegraphed  the  following  elements 
and  5  ;  but  regards  the  orbit  as  very  uncertain. 

T  =  May  26.41  Gr.  M.T. 
to  =  34*°  37' 
Q,  =  297    26 
t  =     90      0 
q  =  0.0404 


and  ephemeris.  obtained  from  observations  March  31,  April  2 
Epbemeris  fob  Greenwich  Mean  Midnight. 


1889 

« 

8 

Brightn 

h        m       ■ 

o        1 

April   4 

5   17  56 

+  15  59 

1.10 

8 

5   15     8 

15  50 

12 

5   12  48 

15  41 

16 

5  10  48 

+  15  32 

1.62 

FILAR-MICROMETER   OBSERYATIOXS   OF   COMET  b  1889    {BARNARD.  March  3i)r 

Mint:  with  the  12-inch  equatorial  of  the  lick  observatory, 
By  E.  E.  BARNARD. 


1889  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

Ja 

-* 

jS 

6/'s  a[ 
a 

parent 

s 

log  pA 

for  a            for  (5 

March  31  8  3l"W 

1 

10  ,  6 

m          9 

+  0  37.88 

i      n 
—0   10.7 

h        in        s 

."i  20  51.37 

O        1            l> 

+  16  7     3.6 

9.6138 

0.6107 

31   9  53     7 

1 

8  ,  6 

+  0  34.98 

—0  18.1 

."i   2o   -l.s.17 

+  16  6  56.2 

9.6794 

0.6730 

April      1   7  48     8 

1 

20  ,  7 

—0  11.03 

—2   19.6 

5   20     2.44 

+  16  4  54.7 

9.5563 

0.5809 

1   8  53     9 

1 

12  .  7 

—0   13.L-7 

—2   26.2 

;,  20     0.20 

+  16  4  48.1 

9.6415 

0.6294 

2  8  31   13 

1 

18  ,  7 

—1     0.78 

—4  34.7 

5   19   12.68 

+  16  2  39.6 

9.6253 

0.6180 

Mean    Places  for  lssQ.0  of  Comparison-Stars. 


* 

a 

Red.  to 
app.  place 

S 

Ke.l.  to 
app.  place 

Authority 

1 

5  20  14.30 

—0S.  83 

O       1            // 

+  16  7  19.5 

—5.2 

Weisse's  Bessel  V,519(mean  of  two  places) 

Position-angles  of  tail:         April  1,  9h,    75°. 3  (Sobs.)         April  2.  9\    76c.5  (3  obs.) 


OBSERYATIOXS    OF    COMET  b  1889    {BARNARD,  March  31), 

MADE    WITH    THE    12-14INCH    EQUATORIAL   OE   THE   DETROIT   OBSERVATORY, 

By  W.  W.  CAMPBELL. 


1889  Greenwich  M.T.         * 

No. 
Comp. 

Ja 

-* 

jS 

^s  apparent 
a                         8 

log 

for  a 

PA 

for  ,! 

d         h         m        8  1 

April  4   15     5     8         1 
6  14  32  20         2 

8,7 

12  .  11 

m          s 

—0  50.12 
—3     4.16 

+  4   21.2 
+  3  48.3 

h        m        8                              o         1       II 

5   17  44.99       +15  58  43.2 
5  16  22.86       +15  54  39.4 

9.646 
9.633 

0.722 

0.708 
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Mean  Places 

for  188.9.0  of 

Comparison- Stars. 

* 

1 

2 

a 

Red.  to 

app.  place 

S 

Red.  to 

app.  place 

Authority 

h        in         s 

5    L8  .15.99 
5  19  27.92 

— 0*88 
—0.90 

O              ' 

+  15   54   27.4 
+  15  50  56.5 

it 

—5.1 
—5.4 

11M(  10  comp.withNewcomb  :.'<;i  h 
11M(12     "       "           "         260) 

April  4.     Slight  moonlight  and  haze;  observation  difficult.         April  G.     Moonlight;  comet  very  faint. 
A,,,,  Arbor.  1889  April  -  - 

DISCUSSION    OF   THE   COMET   1882  II. 


'ersuchungen  iiber  das  Cometensystem  18431,  1880  I  und 
1882II.  /  Theil.  Der  i/rosse  September  Comet.  1882 II. 
1"      Dr.  Hetnkich  Kreutz,  Kiel,  1888. 

This  memoir,  published  by  the  Observatory  in  Kiel,  under 
the  direction  of  Dr.  Krveger,  treats  of  the  second  of  the 
•remarkable  group  of  comets,  with  which  the  comet  18871 
should  now  probably  lie  counted,  and  which,  following  nearly 
the  same  orbit,  are  notable  for  their  peculiar  aspect  and  ex- 
ceptionally small  perihelion-distance. 

Dr.  Kreutz's  thorough  and  eminently  successful  investiga- 
tion of  the  difficult  problem  which  this  singular  comet  pre- 
sents, was  published  some  months  since,  and  should  have 
received  earlier  notice  in  this  Jourual ;  yet  an  abstract  of 
his  researches  and  then'  results,  prepared  long  since,  has 
been  deferred  from  one  number  to  another  at  the  last  mo- 
ment, by  the  reception  of  articles  or  announcements  requir- 
ing immediate  publication.  Meanwhile  summaries  of  these 
researches  have  appeared  in  most  of  the  leading  astronomical 
periodicals,  and  the  importance  of  the  results  has  been  uni- 
versally recognized. 

The  exceptional  obstacles  to  any  accurate  computation, 
which  are  due  to  the  disintegration  of  the  comet's  nucleus 
and  the  consequent  formation  of  a  line  of  segregated  nuclei, 
seem  to  have  been  most  skilfully  surmounted. 

All  available  observations  have  been  utilized  to  the  ut- 
most, and.  from  the  time  when  the  original  nucleus  was  re- 


placed by  the  line  of  bright  points,  the  relative  positions  of 
iln -I-  points  have  been  determined  with  all  possible  care. 
Dr.  Kreutz  has  adopted  the  second  of  the  six  nuclear  points, 
counted  from  the  comet's  apex,  as  most  nearly  representing 
the  probable  center  of  gravity  of  the  whole  body  :  and  to  this 
he  has  referred  all  the  observations.  This  was  the  brightest 
of  the  points  during  the  first  half  of  the  comet's  visibility,  al- 
though the  third  became  equally  bright  at  the  close  of  Decem- 
ber, and  subsequently  surpassed  it. 

At  present  we  restrict  ourselves  to  reproducing  the  final 
elements  deduced  by  Dr.  Kreitz. 

Epoch  of  Osculation,  t882  sept.  20.5,  Berlin  M.T. 


0.00003  19  Bed.  M.T. 

7". 57) 

7  .31  [  M.  Eq.  1882.0 

1   .79  ) 

0.00003  64 

0.00000  01 

0.0000002 


7'=  1882  Sept.  17.1' ill 24  28  ± 

w  =    69°  35'  20".80  ± 

Si  =  346      0  42  .70  ± 

<•'=  141    59  44  .63  ± 

log  q  =  7.88936  66  ± 

log  .-  =  9.9999600  ± 

e=  0.99990  78  ± 
log«  =  1.9251 

a  =  84M6    ±  0y.22 
Period  =  772  .0    ±  2  .9 


The  computation  of  the  orbit  of  comet  18801  has  for  some 
time  been  finished,  but  Dr.  Kreutz  delays  its  publication 
until  the  completion  of  Dr.  Weiss's  determination  of  that  of 
18431.  G. 


NOTICE. 

A  private  communication  from  Professor  Acwers  states  that  the  date  of  the  biennial  meeting  of  the  Astronomische 
Ischafi  has  been  fixed  for  Tuesday,  September  10.  and  the  two  following  days,  at  Brussels. 


CON  T E  N T - 
lis   mi:  Elements   \.m>  Light-Variation  of  XCygni,  by  Mr.  Paul  S.  Yendell. 

I'Y  in  the  Residuals  of  Mercury,  by  Mr.  Orray  Taft  Sherman. 
Reported  Changes  in  the  Rings  of  Saturn,  by  Prof.  E.  S.  Holden. 
Elliptic  Elements  of  Comet  1888  V  [Barnard,  Oct.  30),  by  Rev.  George  M.  Searle. 
Summary  of  Solar  Observations,  at  the  Shattuck  observatory,  of  Dartmouth  College,  in   1888,  by   Mr.   Edwin  B.   Frost. 

lAiiox  i>F  Jupiter,  Observed  ai  the  Observatory  "i   Columbia  College. 

OCCULTATION    OF    JUPITER,    1889    MARCH    23,    BY   PROF.    F.    P.    LEAVENWORTH. 

Discovery  "i    a  Comet,  March  31,  by  Prof.  E.  E.  Barnard. 

Filar-Micrometer  Observations  oi   Comet  6  1889  (Barnard,  March  31),  by  Prof.  E.  E.  Barnard. 

Observations  of  Comet61889  (Barnard,  March  ■"•!  .  by  Mr.  W.  W.  Campbell. 

Disi  i  ssion  of  the  Comet  1js2  II. 

Notice. 
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THE  ORBIT  OF  THE  PLANET  SAPPHO®,   THE  SECULAR  PERTURBATION 

OF  THE  MINOR  PLANETS  UPON  THE  ELEMENTS  OF  THAT 

OK  BIT.  AND  THE  MASS  OF  THE  PLANET  JUPITER, 

By  HOBEKT  BRYANT. 


During  the  last  four  years  I  have  been  engaged  in  determin- 
ing the  orbit  of  the  planet  Sappho,  and  as  part  of  my  work 
may  be  of  use  in  fntnre  investigations,  and  as  some  points 
of  interest  attach  to  my  results,  I  communicate  the  following. 

The  object  which  I  had  primarily  was  to  obtain  fairly  ac- 
curate elements  of  the  orbit,  so  that  preparations  might  be 
made  for  the  requisite  observations  in  the  autumn  of  the 
present  year,  when  the  planet  will  lie  observed  to  obtain  its 
parallax.  I  have,  however,  exceeded  my  original  intention, 
and  have  endeavored  to  make  the  discussion  of  the  observa- 
tions as  complete  as  possible. 

The  values  of  the  perturbations  were  obtained  by  the 
method  of  Variation  of  Constants.  The  interval  adopted  was 
•JO  days  for  Venus,  and  40  days  for  the  Earth,  Mars,  Jupiter 
and  Saturn.  When  Mars  was  at  a  considerable  distance 
from  Sappho,  the  differentials  of  the  perturbations  due  to 
Mars  were  sometimes  obtained  at  intervals  of  80  days,  the 
requisite  quantities  for  the  intermediate  dates  being  obtained 
by  interpolation.  An  inspection  of  the  values  of  the  pertur- 
bations by  Mars  shows  that  this  course  is  allowable.  The 
secular  effect  of  Mercury,  Uranus  ami  Neptune,  was  taken 
into  account,  the  periodic  perturbation  in  the  motion  of  Sap- 
pho  due  to  these  planets  being  omitted.  This  secular  effect 
is.  however,  so  small  that  its  omission  would  have  had  very 
little  influence  upon  the  result. 

The  fundamental  elements  osculating  at  the  epoch  are 


Epoch  1872  Sept.  7.0  Greenwich  mean  time. 


Mean  equinox  and  ecliptic 

1*70.0 


L  =     41°  20'  34".  88 
n  =  355      0    38  .27 

SI   =  218    33      S  .31 
/  =       8    36    57  .21    j 
<p  =     11     32     1«  .6.". 
It  =   1020".  128  79. 

These  elements  were  obtained  from  the  observations  at  the 
oppositions  of  the  planet  in  1872,  1877,  1878  and  1882,  by 
Dr.  Leman,  who  mentioned  to  the  writer  that  they  did  not 
well  represent  the  earlier  observations  of  the  planet. 
The  following  masses  of  the  planets  were  adopted  : 
Mercury     1  :  7636440  Jupiter      1  :  1047.879 

Venus         1:401839  Saturn       1:3501.6 

Earth        1  :  355499  Uranus      1  :  22000 

Mars  1:3076135  Neptune     1:19700 

Adopted  value  of  the  sun's  parallax  8". 848 

The  perturbations  at  the  following  selected  dates  are  for 
Greenwich  mean  noon,  and  are  referred  to  the  mean  equinox 
aud  ecliptic  of  1870.0. 

J/-!  denotes  the  change  in  the  mean  longitude  of  the 
epoch. 

JL.,  denotes  the  change  in  the  mean  longitude  due  to  per- 
turbation of  the  mean  motion. 

The  adopted  elements  were  corrected  for  the  effect  of  per- 
turbation every  40  days. 


Jii 


4U 


Venus. 

j- 


Jft 


j  i 


&<p 


40  J/i 


1864  May    12 

—16.69 

+  43.08 

+  4.76 

+  1.00 

—0.07 

+  1.65 

—0.2384 

1865  Nov.  23 

—12.81 

+  34.47 

+  3.33 

+  1.02 

—0.12 

+  0.17 

—0.2993 

1867  April  27 

—  10.13 

+  27.84 

—  0.60 

+  0.51 

—0.26 

+  1.08 

—0.4284 

1868  Aug.  19 

—  9.32 

+  21.38 

—  0.24 

+0.24 

—0.26 

+  3.37 

—1.4043 

1870  Mar.     2 

—  5.80 

+  13.31 

+    7.11 

+0.31 

—0.25 

—1.30 

—0.9997 

1871   May    16 

—  6.92 

+   8.47 

+   2.13 

—0.56 

—0.20 

—0.06 

—0.4221 

1873  Jan.      5 

—  2.61 

—  0.66 

+  10.39 

— 1.55 

—0.21 

+  1.36 

—0.8991 

1874   April  30 

—  0.53 

—  6.99 

+   7.00 

—  1.16 

+  0.04 

+  0.97 

—0.2197 

1875  Oct.      2 

+   3.98 

—14.63 

+   2.12 

—1.30 

—0.02 

—0.45 

+  0.1. ".23 

1877  Mar.     5 

+   8.51 

—22.43 

—  0.46 

—0.72 

—0.11 

+  1.84 

—0.0312 

1878  Mav    19 

+  10.89 

—28.24 

—  6.55 

—1.21 

—0.21 

+  1.00 

—1.0560 

1880  Jan.      9 

+  15.63 

—37.53 

+    8.74 

—0.70 

—0.08 

+  1.00 

—0.6687 
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J/-i 

JLi 

J- 

JQ, 

Ji 

M' 

4<iJ« 

7 

it 

It 

11 

tl 

It 

ft 

1881 

May 

3 

+  16.18 

— 4."..l".i 

—  2.78 

—  1.35 

—0.27 

+  0.09 

—  1.0266 

1882 

(  >ct. 

5 

+  17.31 

—50.29 

+    4.27 

—  1.92 

—0.13 

+  4.26 

—  1.3321 

1885 

April 

12 

+  25.24 

—64.10 

1-   6.10 

—1.54 

+  0.07 

+  2.57 

—0.2849 

1887 

Jan. 

12 

+  : 

26.17 

—  72.94 

—  0.54 

—2.22 

—0.02 

+  2.49 

—0.0696 

L888 

Alar. 

2  7 

+  31.75 

—79.63 

+    4.63 

—1.90 

—0.10 

+  2.00 

—0.4754 

Earth. 

1864 

May 

12 

— 

19.07 

—33.41 

—21.51 

+  2.40 

—0.09 

—2.48 

—0.0839 

1865 

Nov. 

23 

— 

15.68 

—27.10 

+    1.97 

+  1.98 

—0.08 

—0.58 

—0.2847 

1867 

April 

1  27 

— 

10.84 

—21.54 

—15.73 

+  2.43 

—0.14 

—3.50 

—0.0138 

1868 

Aug. 

19 

— 

8.62 

—16.05 

—12.93 

+  1.53 

—0.03 

+  0.76 

—0.3195 

1870 

Mar. 

2 

— 

2.61 

—11.31 

—   1.39 

+  1.22 

+  0.02 

—3.44 

—0.0618 

1871 

May 

16 

— 

1.45 

—  5.91 

—17.67 

+  0.38 

—0.04 

—  1.94 

—0.1623 

1873 

Jan. 

5 

+ 

4.25 

—  0.68 

+    7.33 

+  0.11 

—0  01 

—  1.67 

—0.2199 

1874 

April  30 

+ 

6.94 

+   4.43 

—  11.27 

+  0.33 

—0.10 

—3.24 

—0.0805 

1875 

Oct. 

2 

+  11.1!) 

+  8.87 

—  0.31 

—0.61 

+  0.04 

+  1.00 

—0.3964 

1877 

Mai. 

5 

+  15.06 

+  14.98 

+   3.11 

—0.63 

+  0.07 

—3.69 

+  0.0574 

1878 

May 

10 

+  16.19 

+  21.67 

—12.52 

—1.53 

+  0.02 

—1.94 

—0.0491 

1880 

Jan. 

9 

+: 

21.40 

+  28.76 

+  11.45 

—1.80 

+  0.04 

—1.89 

—0.0906 

1881 

Maj 

3 

+  24.30 

+  35.44 

—  7.95 

—  1.62 

—0.05 

—3.23 

+  0.0432 

1882 

Oct. 

5 

+  28.32 

+  41.66 

+    4.10 

—2.48 

+  0.08 

+  0.72 

—0.2106 

1885 

April 

12 

+  32.23 

+  56.00 

—  5.84 

—3.37 

+  0.06 

—2.27 

+0.1811 

1887 

Jan. 

12 

+  39.00 

+  63.87 

+  15.40 

—3.64 

+  0.10 

—1.94 

—0.0313 

1888 

Mar. 

27 

+  40.18 

+  70.99 

—   1.23 

—3.65 

+  0.01 

—3.40 

+  0.1096 

Mars. 

1864 

May 

12 

— 

2.97 

—  12.56 

—  2.24 

+  1.19 

+  0.02 

—0.71 

+  0.0610 

1865 

Nov. 

23 

— 

3.17 

—  10.27 

—  1.62 

+  1.15 

+  0.05 

—0.90 

+  0.2357 

1867 

April  27 

— 

3.25 

—  7.80 

—  1.18 

+  1.04 

+  0.03 

—1.09 

+  0.1306 

1868 

Aug. 

19 

— 

1.85 

—  6.52 

—  1.83 

+  1.04 

+  0.02 

—0.64 

+  0.1241 

1870 

Mar. 

2 

— 

2.10 

—  3.48 

—  2.68 

+  0.89 

+  0.04 

—0.71 

+  0.2735 

1871 

May 

16 

— 

1.98 

—   1.11 

—  3.17 

+  0.92 

+  0.02 

—0.94 

+  0.1669 

1873 

Jan. 

5 

+ 

0.14 

+    0.03 

—  0.19 

+  0.02 

0.00 

—0.08 

+  0.0231 

1874 

April  30 

— 

0.21 

+    1.03 

—  0.59 

—0.12 

+  0.02 

+  0.05 

+  0.0935 

1875 

Oct. 

2 

+ 

0.28 

+    1.37 

—  0.90 

—0.20 

+  0.01 

+  0.01 

+  0.0106 

1877 

Mar. 

5 

+ 

2.87 

+    3.79 

+    1.40 

—0.77 

—0  04 

—1.33 

+  0.2387 

1878  May 

19 

+ 

2.42 

+   6.96 

+    1.60 

—0.93 

— 0.O3 

—1.23 

+  0.2828 

1880  Jan. 

9 

+ 

2.87 

+   9.75 

+    1.25 

—0.92 

—0.06 

—1.14 

+0.1429 

1881 

Maj 

3 

+ 

4.14 

+  12.09 

—  0.73 

—  1.42 

—0.04 

—  1.25 

+  0.2466 

1882 

Oct". 

5 

+ 

3.61 

+  15.67 

—  0.70 

—1.56 

—0.04 

—  1.26 

+  0.2464 

1885 

April  12 

+ 

5.09 

+  19.24 

—  0.76 

—1.72 

—0.H2 

—1.09 

+  0.1898 

1887 

Jan. 

12 

+ 

4.46 

+  23.13 

—  0.34 

—  1.93 

—0.04 

—  1.09 

+  0.2319 

1888 

Mar. 

27 

+ 

5.10 

+  24.99 

—  0.55 

Jupiti  r. 

—1.97 

—0.03 

—  1.27 

+  0.1499 

J  J-i 

J/.2 

j- 

->Sl 

J 

J< 

40  J,; 

1864 

May    12 

+ 

.",'  13*41 

+ 

5 

20.00 

+ 

1    26.:  18 

+   2   12.i!.",           -  6. 

,71          +0 

23.17 

2:i.72l'»0 

1865 

Nov.  23 

+ 

2   16. «1 

+ 

2 

49.03 

+ 

9    16.22 

+    1    53 

.01         —li                +0 

7.01           — 

13.8179 

1867 

April  27 

+ 

0  4.". 

.57 

+ 

0 

9.10 

+  lii  53.13 

+    n   47 

.67         —   7. 

,50         +1 

20.01           — 

3.68   - 

1868 

Aug.   19 

+ 

1    17 

.19 

+ 

0 

53.00 

+  12    13.70 

+   0  33 

,36         —  2 

,80          +2 

30.28 

1.7480 

1870 

Mar.     2 

+ 

0  45 

.06 

+ 

1 

24.75 

+ 

2  5  7.5/ 

+   0  20 

78          +   4. 

7"          +2 

4.60         + 

9  8584 

1871 

May    16 

+ 

0  33.45 

+ 

1 

23.17 

+ 

(i  .V.i.38 

+   0  27 

.52          +   0.46          +0 

48.45 

9.4912 

1873 

Jan.      5 

+ 

o   14. 

.57 

— 

0 

."... si 

+ 

1    44.70 

—  0   10. 

11         —   1. 

38         — 0 

4.47 

.",..',067 

1874 

April  30 

— 

5     6. 

.27 

— 

5 

44.50 

+  20   27.77 

—  6     2. 

13          +30. 32          — 0 

:;.uii         — 

26.1031 

1875 

Oct.      2 

— 

5   16.18 

— 

6 

51.10 

+  27    14.64 

—   6     4 

.96          +41. 

30         +1 

12.37 

5.0175 

1877 

Mar.     5 

— 

6     1. 

.19 

— 

7 

46.51 

+  23  54.88 

—  6   18. 

.93          +41. 

13          +2 

0.37          + 

4.3846 

1878 

May    19 

— 

4  50.96 

— 

6 

16.91 

+  19   4  7.60 

—  6  31. 

55          +40.00          +2 

29.54         + 

2.0837 

1880 

Jan.      9 

— 

5  55. 

.10 

— 

7 

18.38 

+  13   56.15 

—  8  39.65          +38.45 

16.32          — 

0.8986 

1881 

May     3 

— 

7  12. 

.73 

— 

:i 

48.59 

+  19   16.56 

—  9   17. 

29         +40.68         +0 

24.04 

19.8957 

1882 

Oct.      5 

— 

8     7, 

.24 

—1 

■> 

46.51 

+  : 

>:;  29.31 

—  9  2+36          +40. 

7:'.         — 0 

20.42 

4.7008 

1885 

April  12 

— 

in  3ii 

.24 

—  16 

26.58 

+  24      7.12 

—  14   40. 

73         +39.91          +4 

28.95         + 

8.4801 

1887 

Jan.    12 

— 

11     1. 

.56 

—  1 

5 

55.05 

+  18  21.13 

—  11   55. 

19          +41. 

24          +  4 

36.00          + 

7.5148 

1888 

Mar.  27 

— 

9  58.46 

—  14 

45.90 

+  1 

15  21.00 

—14  51. 

99          +40. 

54          +3 

19.03         — 

6.6949 
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Saturn. 


AU 


JI.i 


J*- 


Jft 


Ji 


Af 


40J« 


1864  Mav 

12 

+    7.57 

—3.74 

+  19.92 

+    3.61 

+  0.27 

+  5.56 

—0.0040 

is*;;.  Nov. 

23 

+   6.87 

—1.99 

+  19.43 

+    3.70 

+  0.4:! 

+  7.51 

+  0.0780 

1867  Apri 

27 

+   8.67 

+  1.85 

+   8.9;. 

+    3.74 

+  0.48 

+  4.22 

—0.2279 

L868  Aug. 

19 

+   2.95 

—1.49 

+  20.94 

+    3.47 

+  0.44 

-0.20 

+0.231  1 

1870  Mar. 

2 

+   0.58 

—2.13 

+  14.81 

+   2.59 

+  0.37 

+  3.0S 

+  0.2  is? 

1871    May 

16 

+   2.55 

+0.97 

+  0  20 

+   2.25 

+  0.15 

+  2.42 

—0.2010 

1873  Jan. 

5 

—  0.68 

—0.44 

+  3.37 

—  0.46 

—0.07 

+  0.53 

—0.2699 

1874  Apri 

30 

—  3.90 

—2.10 

+   7.02 

—  3.63 

+  0.12 

+  4.12 

+  0.3009 

is:.",  Oct. 

2 

—  4.52 

—0.44 

—  7.51 

—  6.51 

+  0.13 

+  4.46 

—0.0137 

1877  Mar. 

5 

—  5.84 

—0.33 

+    5.77 

—   9.20 

+  0.16 

+  3.24 

—0.4232 

1878  Mav 

19 

—  9.40 

—2.27 

+  21.7:'. 

—  10.74 

+  0.65 

+  5.01 

+0.3163 

1880  Jan. 

9 

—  10.09 

+  0.-20 

+   5.78 

—11.71 

+  0.96 

+  5.66 

+  0.4761 

1881    Mav 

3 

—  12.21 

—O.i  is 

+  17.S7 

—13.24 

+  1.12 

+  1.79 

—0.4941 

1882  Oct. 

f> 

—  14.48 

—  1.(12 

+  33.83 

—13.04 

+  1.23 

+  1.33 

+  0.0212 

1885  Apri 

12 

—17.03 

+  0.32 

+   0.85 

—  13.26 

+0.98 

+  0.57 

—0.3479 

1887  Jan. 

12 

—2 1.11 

—  1.43 

+  17.52 

—  16. si 

+  0.57 

+  0.36 

—0.8309 

1888   Mar. 

27 

—25.49 

—2.  SI 

+  10.6;. 

—24.67 

+0.91 

+  8.07 

+  0.6504 

In  the  formation  of  the  normal  places  of  the  planet  uo 
comparison-star  was  employed  whose  adopted  place  depends 
upon  less  than  3  observations.  Lalande's  places  have  not 
been   used.     The  average    number  of  observations  of  each 

comparison-star  is  10. 


The  following  normal  places  referred  to  the  mean  equinox 
and  ecliptic  of  1870.0,  and  expressed  in  longitude  and  lati- 
tude, were  obtained. 


Greenwich  M.T. 

;. 

\vt. 

No.Obs. 

0, 

Wt. 

No.Obs 

1 

1864 

Mav 

22.0 

o       t 

239  39 

19.04 

±0.45 

2 

21 

O 

+   5 

35 

13.70 

±0.59 

1 

20 

2 

1865 

Dec. 

13. 0 

91      7 

17.95 

±0.44 

2 

11 

—  11 

28 

24.36 

±0.80 

1 

11 

3 

1867 

April 

7.0 

189  57 

34.66 

±0.81 

1 

16 

—  5 

58 

12.86 

±0.54 

1 

17 

4 

1868 

Aug. 

29.0 

34:;  35 

18.53 

±0.43 

•> 

::i 

+  16 

3 

31.25 

±0.32 

2 

28 

5 

1868 

Sept. 

12.0 

340  28 

15.43 

±0.28 

•> 

31 

+  14 

56 

26.25 

±0.42 

2 

24 

6 

1870 

Feb. 

20.0 

148   18 

20.85 

±1.71 

1 

26 

—  12 

40 

47.00 

±1.70 

1 

24 

7 

1871 

May 

20.0 

247   16 

IS.  35 

±0.19 

3 

12 

+   6 

23 

39.84 

±0.11 

4 

13 

8 

is  75 

Sept. 

22.0 

352  38 

12.15 

±0.62 

1 

10 

+  12 

44 

1.12 

±0.32 

2 

10 

9 

1882 

Sept. 

15.0 

8   52 

29.07 

±0.11 

4 

37 

+  11 

34 

55.06 

±0.10 

4 

36 

10 

1882 

Oct. 

5.0 

4    21 

59.85 

±0.11 

4 

37 

+   9 

21 

52.52 

±0.08 

4 

36 

11 

1887 

Jan. 

20.0 

103    12 

26.21 

±0.26 

3 

40 

—  13 

33 

50.26 

±0.18 

3 

34 

12 

1888 

April 

16.0 

201   59 

16.54 

±0.21 

3 

58 

—  3 

29 

26.53 

±0.10 

4 

52 

13 

1872 

Dec. 

26.0 

95   21 

21.58 

3 

4~ 

4 

—12 

35 

45.44 

3 
4 

4 

14 

1877 

Mar. 

15.0 

147  36 

29.50 

3. 

4 

2 

—11 

24 

58.49 

3 

4 

2 

15 

1878 

June 

6.0 

249    is 

10.58 

I 

4 

+   8 

35 

40.59 

3 

4 

4 

16 

1880 

Jan. 

22.0 

96     1 

15.00 

3 
4 

2 

—13 

3 

21.55 

3 

2 

"No  of  obs. "  signifies  the  number  of  observations  in 
K.A.  and  Decl.  respectively. 

The  2  observations  in  1880  were  made  in  the  meridian  at 
Washington,  and  there  was  some  doubt  as  to  whether  it  was 
the  planet  that  was  observed.  The  observed  places  agree 
very  closely  with  the  computed  placet  of  Sappho,  and  there 
is  a  high  degree  of  probability  that  it  was  the  planet  that 
was  observed. 

A  rough  calculation  to  obtain  preliminary  collections  was 
made  from  the  longitudes  of  1864,  1868  (ii),  1875,  1880  and 
1888,  and  from  the  latitudes  of  1864,  1875  and  1888. 

Whence 

8L  =  +   5.09  Si  =   +l".73 

Sn  =  +12.92  o>  =  —2.97 

8Q,   =   +22.16  8ti  =  —0.01100 

The  first  12  normal  places  were  then  chosen  for  the  de- 
duction of  the  final  corrections  of  the  elements.     The  requi- 


site equations,  having  been  solved  by  the  method  of  least 
squares,  gave  [n«6]  =  1.24722  and  [ms6]  =  1.24722. 
The  following  residuals  were  obtained  (Obs.-Comp.)  : 


1 

1864 

Mi  cos  3 
rr 
—  8.91 

n 

+  2.17 

2 

1865 

—11.65 

+  3.10 

3 

1867 

—22.38 

—5.85 

4 

1868(i) 

+  13.21 

+  0.19 

5 

1868(b) 

+  14.99 

—0.98 

6 

1870 

—  18.45 

—0.22 

7 

1871 

—  5.53 

+  2.07 

8 

1875 

+   3.35 

—2.90 

9 

1882(i) 

—  6.91 

+  1.77 

10 

1882(b) 

—  7.23 

+  1.45 

11 

1887 

+  18.29 

+  1.72 

12 

1888 

+  12.95 

+  1.19 
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Also 


dL  =   +   2.47 

8i  =  —0.04 

5ti  =   +13.02 

<V  =  +5.26 

S&   =  —10.27 

<V  =  —0.00081 

ds.  cos'  i 

,w 

—28.20 

—4.22 

—   7.95 

—5.51 

+  18.77 

+  5.01 

—28.89 

+  7.83 

As  an  incorrect  value  of  Jupiter's  mass  might  perhaps  ac- 
count for  part  of  these  large  errors,  a  term  was  introduced  to 
correct  the  adopted  mass  of  that  planet.  The  sum  of  the 
squares  of  the  residuals  theu  fell  to  less  than  half  its  original 
amount,  but  the  deduced  value  of  the  mass  of  Jupiter  was 
about  TtfWi  which  is  inadmissible. 

We  have.  then,  to  seek  the  cause  of  these  large  residuals. 
As  we  have  eliminated  the  effect  of  all  the  disturbing  planets, 
except  that  of  the  minor  planets,  the  cause  which  suggests 
itself  is  the  mutual  perturbation  of  the  minor  planets. 

The  residuals  for  the  4  unemployed  normal  places  are 


13  1872 

14  1877 

15  1878 

16  1880 


Now.  the  periodic  time  of  Sappho  is  almost  exactly  3^ 
years.  Consequently,  after  the  lapse  of  7  years,  each  oppo- 
sition of  the  planet  occurs  with  the  Earth  and  Sappho  very 
nearly  in  the  same  position  that  they  occupied  7  years  previ- 
ously, and  thus  in  our  investigation  with  the  12  normal 
places  we  have  employed  no  new  part  of  the  orbit  between 
L871  and  1882.  Introducing,  therefore,  the  normal  places 
for  1872,  1877,  1878  and  1880,  we  get  32  equations  of  con- 
dition, and  solving  these  on  the  supposition  that  the  adopted 
mass  of  Jupiter  is  correct,  the  sum  of  the  squares  of  the  re- 
siduals is  reduced  from  5830"  to  5480",  so  that  very  little 
improvement  is  effected. 

[We  take  (<£)=esinw         and  (^)=ecos;r] 

Terms  were  theu  introduced  to  determine  the  secular 
change  in  each  element  (except  in /<).  It  was  then  found 
that  the  introduction  of  one  secular  term  only,  viz.  :  that  in 
(<f>),  reduced  the  sum  of  the  squares  of  the  residuals  from 
5480"  to  1960".  This  great  reduction  evidently  shows  that 
the  disturbing  action  of  the  minor  planets  upon  Sappho  is 
not  only  sensible,  but  that  it  must  be  taken  into  account  iu 
an  accurate  determination  of  the  orbit. 

The  secular  variation  of  the  mean  longitude  rapidly  con- 
founds itself  with  a  change  ill  the  mean  motion.  As  the 
equation  which  gave  this  secular  variation  approximated  to 
an  indeterminate  form,  the  term  was  omitted,  the  requisite 
correction  becoming  incorporated  in  //. 

The  following  corrections  were  then  found  : 


SL  =  —  3.68 

&n  =  —15.99 

8Q  =  —  1.80 


Si  =   +0.56 
8<p  =  —1.62 

8n    z=    +0.00121'. 


Secular  variation  of      n 

"  •'  i 


K  .  SJ 

Also      —  = 


+  274.0 
+  58.3 
—  15.2 
+    15.7 


-0.000516    ±0.0395 
where  J  =  adopted  mass  of  Jupiter. 
The  residuals  (observation-computation)  then  are 


''/    (MS     i 

.w 

X/.  cos  p 

i/3 

1864 

+  1.62 

—3.82 

1882(i) 

—  0.12 

+  0.91 

1865 

+  8.75 

+  3.67 

1882(H) 

—  0.25 

+  0.36 

1867 

—2.88 

-3.21 

1887 

+   7.76 

—0.06 

1868(i) 

+  1.80 

—0.70 

1888 

—  2.56 

—0.06 

1868(H) 

+  0.17 

—0.70 

1872 

—16.40 

—4.53 

1870 

—0.12 

+  1.75 

1877 

—  6.09 

—5.37 

1871 

—0.59 

+  0.87 

1878 

+  15.55 

+  5.48 

1875 

+  3.32 

—2.47 

1880 

—27.93 

+  6.79 

The  sum  of  the  squares  of  the  weighted  residuals  is  1540", 
and  to  this  sum  the  residuals  for  1872,  1877,  1878  and  1880 
contribute  1090".  The  residuals  in  longitude  for  1865  and 
1887  are  greater  than  can  be  attributed  to  errors  of  obser- 
vation. The  normal  place  for  1872  depends  upon  one  obser- 
vation at  Washington,  one  at  Leipzig,  and  2  at  Berlin,  all 
the  observations  being  in  good  agreement.  The  normal 
place  for  1877  depends  upon  2  accordant  observations  at 
Madrid,  and  that  for  1878  depends  upon  4  accordant  obser- 
vations at  the  same  place.  It  is  impossible  to  admit  that 
the  large  residuals  for  1872  and  1878  are  due  to  errors  of 
observation. 

With  regard  to  the  normal  place  for  1880,  it  depends  upon 
two  meridian  observations  at  Washington  of  an  object  which 
was  supposed  to  be  Sappho.  The  observations  are  in  fair 
agreement,  aud  considering  the  magnitude  of  the  resulting 
residual,  it  is  highly  probable  that  the  planet  was  the  object 
observed.  Evidently,  then,  there  is  still  some  other  disturb- 
ing cause  which  we  have  not  considered,  aud  this  is  most 
probably  the  periodic  perturbation  of  the  minor  planets. 
The  small  weight  assigned  to  the  normal  places  for  1872, 
1877,  1,S7)S  and  1880,  causes  the  effect  of  the  omission  of  the 
periodic  perturbation  to  be  most  evident  iu  these  places.  Of 
course,  part  of  the  error  is  due  to  the  small  corrections  of 
the  elements  which  are  still  required,  for  if  we  took  into  ac- 
count the  periodic  perturbation  the  adopted  elements  would 
be  changed  slightly. 

It  may  be  noticed  that  the  large  residuals  for  I860,  1872, 
1880  and  1887,  occur  in  the  same  part  of  the  orbit  at  an  in- 
terval of  7  years. 

We  have  made  three  sets  of  corrections  to  the  adopted 
elements,  and  the  sum  of  these  will  of  course  be  the  finally 
adopted  collection.      This  sum  is 


SL  =   +   3.88 

S-  =  +   9.95 
SQ   =   +10.0!) 


Si  =  +2.25 
,V  =  +0.67 
An  =  — 0.0 10.').") 
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The  change  iu  the  mean  motion  seems  large,  but  this  is 
due  to  the  fact  that  the  secular  action  of  Venus,  the  Earth, 
and  Mars  upon  the  mean  longitude  (which  is  here  given 
separately)  had  been  incorporated  with  the  mean  motion 
when  the  fundamental  elements  were  determined. 

It  should  be  borne  iu  mind  that  changes  in  n  and  Q,  must 
be  multiplied  by  siucr(=  i)  and  sini(=  |)  respectively  to 
see  their  effect  upon  the  geocentric  place. 

The  above  corrections  are  then  very  small.  In  other 
words,  Dr.  Leman's  elements  are  nearly  correct,  and  we 
now  see  why  he  was  unable  to  represent  the  earlier  observa- 
tions of  the  planet,  although  his  elements  were  correct. 

Finally,  then,  we  have  for  our  fundamental  elements  re- 
ferred to  the  mean  equinox  and  ecliptic  of  1870.0. 

Epoch  1872  Sept.  7.0  Gr.M.T. 


L 

41   20  38.76 

± 

2.53 

or 

±0.65 

n 

355     0  48.22 

±11.02 

±2.29 

9, 

218  33   18.40 

± 

3.57 

±3.55 

i 

8  36  59.46 

± 

0.54 

±0.53 

<f 

11   32   19.32 

± 

0.41 

±0.25 

fi 

1020".  11824 

±0.005 

67 

±0.00015 

Annual  va 

n 

iation  of     n     +2. 

740 

±0.478 

±0.240 

■  i 

Q,      +0.583 

±0 

740 

±0.670 

U 

"                  i     —0.152 

±0.112 

±0.112 

u 

if     +0.157 

±0.094 

±0.047 

'in.  _   i 

c  w  ., 

The  probable  error  of  -=  ,  the  correction  of  Jupiter's  mass 

exceeds  the  amount  of  the  correction  itself,  and  a  like  remark 
applies  to  the  secular  variation  of  the  node.  The  uncer- 
tainty of  the  correction  of  Jupiilers  mass  communicates  itself 
to  the  probable  errors  of  the  remaining  quantities.  Accord- 
ingly, as  we  do  or  do  not  apply  this  correction  to  Jupiter's 
mass,  we  get  the  first  or  the  second  set  of  the  probable 
errors  given  above. 

The  value  of  Jupiter's  mass  resulting  from  this  investiga- 
tion is  yjJgjj,  the  sun's  mass  being  taken  as  unity. 

The  effect  of  introducing  a  secular  term  in  the  mean  mo- 
tion was  tried,  but  the  results  were  not  very  satisfactory. 
It  was  found  that 

i^  =   +0".000000292    ±0".000000231 

and  the  sum  of  the  squares  of  the  residuals  falls  to  1371". 
For  a  better  representation,  however,  of  the  normal  places,  we 
must  probably  look  to  the  periodic  perturbation  of  the  minor 
planets,  rather  than  to  the  action  of  the  hypothetical  ether. 

If  the  action  of  the  miuor  planets  upon  one  another  be  so 
great  as  it  seems  to  be  from  this  investigation,  then  it  is 
probable  that  their  action  upon  the  motion  of  the  planet 
Mars  is  also  sensible,  and  we  may,  perhaps,  here  see  some 
explauation  of  the  errors  of  Leverrier's  tables  of  Mars  that 
were  found  by  Dr.  Gill  in  his  heliometer  observations  of 
that  planet  in  1877. 

It  has  been  objected  that  the  secular  terms  found  above 
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might  be  produced  by  an  incorrect  value  of  the  adopted 
masses  of  the  planets.  This,  however,  is  impossible.  For 
such  terms  could  not  arise  from  the  action  of  Jupiter,  as  we 
have  already  introduced  a  term  to  correct  the  adopted  mass 
of  that  planet.  If  we,  then,  attribute  these  secular  terms 
to  the  action  of  any  of  the  other  planets,  we  shall  have  to 
change  their  adopted  masses  by  quantities  which  are  out  of 
the  question. 

If  an  investigation,  similar  to  that  here  employed  for  Sap- 
pho, were  carried  out  for  each  of  the  minor  planets,  we  might 
obtain  sufficient  material  for  the  determination  of  the  masses 
of  these  small  bodies  ;  but  the  labor  would  be  enormous. 

In  the  autumn  of  the  present  year  the  planet  will  make  a 
close  approach  to  the  earth,  the  minimum  distance  being  less 
than  0.862,  so  that  a  very  favorable  opportunity  will  be 
afforded  of  determining  the  sun's  parallax.  This  will  be 
effected  by  the  heliometer,  but  it  is  greatly  to  be  desired 
that  photography  should  also  be  applied  for  the  determina- 
tion of  the  above  important  quantity.  In  England,  Messrs. 
Pritchard,  Common  and  Roberts  have  expressed  their  will- 
ingness to  take  part  in  the  work.  If  photographs  be  ob- 
tained in  England,  at  the  Cape  of  Good  Hope,  in  Australia, 
at  the  Lick  Observatory  and  on  the  eastern  coast  of  Ameri- 
ca, there  will  be  ample  material  for  a  very  accurate  determi- 
nation of  the  sun's  parallax.  One  year  is,  in  general,  no 
more  favorable  for  the  determination  of  stellar  parallaxes 
than  another,  but  the  case  is  otherwise  when  we  deal  with 
the  parallax  of  a  planet.  It  will,  therefore,  be  a  matter  of 
great  regret  if  the  next  opposition  of  Sappho  is  allowed  to 
pass  without  a  determination  of  that  planet's  parallax  by 
means  of  photography. 

Postscript.  I  have  just  received  a  letter  from  Dr.  Gn.r.  of  the 
Cape  of  Good  Hope,  dated  1889  March  8.  From  the  letter  it  seems 
probable  that  the  new  13-inch  photographic  telescope,  now  in  the 
hands  of  Sir  Howard  Gkubb,  will  be  mounted  in  time,  and  Dr.  Gill 
says,  "  in  that  case  we  shall  cooperate  in  observing  Sappho  photo- 
graphically." "  In  any  case,"  he  continues,  "  I  should  recommend 
the  photographic  observation  of  the  planet  by  any  of  those  observa- 
tories for  which  the  new  photographic  telescopes  have  been  com- 
pleted. If  the  photographs  are  taken  at  such  an  hour-angle  (this 
will  beabout:ihto4''  east  and  west  of  the  meridian)  as  will  make  the 
line  joining  the  planet  and  a  pair  of  comparison-stars  nearly  vertical, 
then  it  will  lie  quite  possible  to  combine  the  photographic  observa- 
tion with  the  heliometer  observation,  and  I  will  gladly  ileal  with  the 
measurement  and  reduction  of  such  plates.  It  is  essential,  however, 
that  every  observatory  which  takes  part  in  photographing  the 
planet  should  be  provided  with  a  reseau,  the  errors  of  which  have 
been  determined  at  Potsdam  or  elsewhere,  and  that  the  image  of 
this  reseau  should  be  impressed  on  the  plates  before  they  are  ex- 
posed in  the  telescope.  It  will  then  be  possible  to  combine  the  helio- 
meter and  photographic  observations  with  all  requisite  rigidity. 
********** 

"  I  think  we  have  certainly  got  a  sufficiency  of  heliometer  observa- 
tions of  Iris  to  get  a  solar  parallax,  witli  a  probable  error  of  ±0".015, 
and  if  we  do  the  same  by  Victoria  and  Sappho  in  the  current  year, 
the  question  may  be  considered  determined." 
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OCCULTATION  OF  JUPITER,   MARCH  23, 

Bv  EDWIN  B.  FROST. 


With  the  9.4-iuch  equatorial   I   made  the  following  obser- 
vations, in  Hanover  M.T.  : 


First  contact 
Planet  half  obscured 
Disappearance  of  4th  satellite 
Fourth  contact 
Dartmouth  College,  1889  April  22. 


19     5  35.1 
19     6  36.7 
19   14     0 
19  55  29 


The  second  contact  was  lost,  but  the  planet  had  disap- 
peared at  19h  7'"  438. 

A  magnifying  power  of  50  was  used,  except  in  the  case  of 
satellite,  when  a  power  of  110  was  substituted. 

The  observations  were  recorded  by  chronograph,  and  the 
clock-error  was  determined  on  the  previous  evening. 

The  daylight  made  the  observations  rather  difficult,  es- 
pecially in  the  case  of  the  satellite. 


ELEMENTS  AND   EPHEM 

By  Pkof.  C.  W. 
The  elements  were  computed  from  the  following  places: 
A  normal  place  for  Sept.  6.0,  formed  from  13  observations 
(3'  at  Madison,  4  at  Mt.  Hamilton,  3  at  Albany,  1  at  Konigs- 
berg,  2  at  Besancou),  made  Sept.  4,  5  and  6;  2  Albany  ob- 
servations, approximating  the  date  Oct.  18.7;  3  Albany 
observations,  approximating  Nov.  1.8;  and  2  Albany  ob- 
servations, approximating  Dec.  12.6.  The  adopted  places 
of  the  comet,  referred  to  the  mean  equinox  of  1888.0,  for 
the  respective  dates  corrected  for  aberration,  are  : 


Date 

a  18 

S8.0 

8  1888.0 

o        | 

a 

o          1           II 

Sept. 

6.0 

102  59 

12.9 

+  10  47  54.3 

Oct. 

18.7373 

92  31 

53.4 

-1-   5  56  23.2 

Nov. 

1.7947 

80  30 

10.8 

+   2  38  23.7 

Dec. 

12.5660 

19   15 

23.4 

—  7  32  53.8 

From  these,  the  following  elements  were  derived 


1889  January  31.20929 
340°  28'  39"'.  6  ) 
357    25    21  .2  [ 
166    22    12  .6  j 
0.258823 


1889.0 


T  — 

b} 

&     = 

i 
log  q 

The  reductions  to  1888.0  are  : 

Ju  =  — 0".15,     JQ,   =  — 50".40, 
The  residual  differences  (C — O)  are: 
Sept.  G.O      Oct.  18.7      Nov 


J(  =  — 0".49. 


1.8     Dec.  12.(5 


COS,!  J/.  —0.1 

Jp'  0.0 

The  equations  for  the 
are 


—3.4 

—0.4 


+  3.3 
—1.9 


+  0.1 
0.0 


lelioceutric  coordinates  for  1889.0 


x  = 

y  = 

z  = 


r [9.999976]   sin(   72  58  57.4  +  w) 
r [9.993568]  sin  (162  52  38.3+«) 


[9.233418]  siu(166  28  47.4+v) 
The  mean  of  5  Washington  observations,  approximating 
the  mean  date  Jan.  31.3,  gives  as  the  correction  to  an  ephem- 
eris  computed  from  the  above  equations:  J«  =;  — 0".72, 
dd  =  — 6".l.  A  comparison  with  a  normal  place  of  mean 
date  Jan.  31.5,  formed   from   7   Rome  observations  bv  A. 


Berberich  (.4.AT.  2883) .  gives  : 
Following  is  the 


J«  =  —0s.  74. 


-0".9 


ERIS   OF 

COMET  c  1888 

> 

CROCKETT. 

Epheheris  for  Greenwich  Midnight. 

1889 

A  pp.  a 

App.  8 

logr 

lozA 

Br. 

April  19.5     23 

30  33*.  0 

O             ' 

+  0  47  17 

0.31520 

0.44452 

1.7 

20.5 

30  12.2 

0  51  13 

21.5 

29  51). 6 

0  55    6 

0.31770 

0.44166 

1.7 

22.5 

29  28.1 

o  58  57 

23.5 

29     4.6 

1     2  46 

0.32022 

0.43860 

1.7 

24.5 

28  40.1 

1     6  32 

25.5 

-2H  14.6 

1   10  16 

0.32278 

0.43535 

1.7 

26.5 

27  48.1 

1  13  57 

27.5 

27  20.4 

1  17  36 

0.32536 

0.43190 

1.7 

28.5 

26  51.7 

1  21  12 

29.5 

26  21.8 

1  24  45 

0.32796 

0.42*26 

1.7 

30.5 

25  50.7 

1  28  15 

May       1.5 

25  18.4 

1  31  42 

0.33058 

0.42442 

1.7 

2.5 

24  44. s 

1  35    6 

3.5 

24     9.9 

1  38  26 

0.33322 

0.42040 

1.7 

4.5 

23  33*.  7 

1  41  43 

5.5 

22  56.0 

1  44  57 

0.33588 

0.41620 

1.7 

6.5 

22  16.9 

1  48    6 

7.5 

21  .'56.4 

1  51   12 

0.33856 

0.41181 

1.7 

8.5 

20  54.3 

1  54  14 

9.5 

20  10.6 

1  57  12 

0.34126 

0.40724 

1.7 

10.5 

19  25.4 

2    0    6 

11.5 

18  38.5 

2    2  55 

0.34397 

0.40251 

1.8 

12.5 

17  49.8 

2    5  39 

13.5 

16  59.5 

2    8  19 

0.34669 

0.39761 

1.8 

14.5 

16     7.4 

2  10  51 

15.5 

15  13.4 

2  13  24 

0.34943 

0.39254 

1.8 

16.5 

14  17.6 

2  15  49 

17.5 

13  19.8 

2  18    9 

0.35218 

0.38732 

1.8 

18.5 

12  20.0 

2  20  23 

19.5 

11  18.2 

2  22  32 

0.35494 

0.38195 

1.9 

20.5 

10  14.2 

2  24  35 

21.5 

9    8.1 

2  26  31 

0.35770 

0.37644 

1.9 

22.5 

7  59.8 
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LETTER   FROM   MR.   SCHAEBERLE, 


Owing  to  an  error  of  transcription,  the  value  of  q,  as  given  in 
my  dispatch,  is  slightly  in  error  :  it  should  read  '/  r=  0.04096 
in  place  of  0.04040. 

Since   the   correction    to   my  ephemeris  is    not  unusually 
lack  Observatory,  1889  April  19. 


large,  I  give  the  constants  for  the  equator,  as  they  may  be 

of  use  hereafter. 

x  =  r[9. 66338]  sin(«+   90°) 
y  =  r[9. 95727]  sin(«+243°  57') 
z  =  r[9. 99250]  siu(»'  +  338°  56') 


THE   LUMINOUS  NIGHT-CLOUDS. 

AN    APPEAL    FOB    OBSERVATIONS    OF   THEM. 

|  Translated   from  the  Astrnnnmische  Xachrichtetl,  and  published  by  request  of  the  Author.] 


Since  their  tirst  appearance  in  1885,  the  luminous  night-clouds  have 
annually  recurred  in  the  months  of  June  and  July.  It  appears,  how- 
ever, that  the  importance  of  those  inquiries  which  may  be  answered 
by  systematic  observation  of  the  phenomenon  has  hitherto  been  un- 
recognized or  insufficiently  appreciated;  for  the  attention  which 
has  thus  far  been  directed  to  the  subject  is  extremely  small. 

These  luminous  night-clouds  have  not  only  high  meteorological, 
but  almost  yet  greater  astronomical  interest:  both  because  they 
seem  capable  of  affording  information  on  the  question  whether  ce- 
lestial space  is  tilled  with  a  resisting  medium,  and  because  there  is 
some  probability  that  we  see  in  this  phenomenon  a  repetition  of  oc- 
currence which  may  have  performed  and  to  some  extent  yet  perform 
an  important  part  in  the  earlier  period  of  development  of  our  earth 
and  of  the  planets  in  general. 

I  have  set  forth  these  ideas  in  fuller  detail  in  the  February  num- 
ber of  the  periodical  "Eimmel  and  Erde,"  and  will  here  recapitulate 
the  most  essential  points. 

The  circumstance  that  the  luminous  night-clouds  exhibit  so  clearly 
manifest  periodic  motion,  taken  in  connection  with  their  extreme 
altitude  (which  photographic  determinations  give  as  about  7",  kilo- 
meters) suggests  the  assumption  that  there  is  here  a  display  of  the 
activity  of  cosmical  forces.  Considering  the  position  of  the  Earth's 
axis  in  space,  relatively  to  the  direction  of  the  Earth's  motion  around 
the  sun,  we  recognize  at  once  that  the  presence  of  a  resisting  medium 
in  space  may  very  well  so  affect  the  course  of  the  phenomenon  that 
we  only  see  it  in  Europe  during  the  months  of  June  and  July;  in 
which  case  it  would  take  place  during  the  months  of  December  and 
January  in  the  zone  between  about  45°  and  G0°  of  south  latitude. 

It  is  remarkable  that  certain  appearances  on  the  surface  of  Jupiter 
seem  to  indicate  that  the  atmosphere  of  this  planet  is  similarly  tilled 
with  the  same  material  which  on  the  Earth  gives  rise  to  the  lumin- 
ous night-clouds. 


Should  this  phenomenon  of  luminous  night-clouds,  have  ceased 
to  manifest  itself  after  the  lapse  of  a  few  years,  it  may  recur  per- 
haps after  some  decades,  or  perhaps  only  after  some  centuries,  and 
according  to  present  experience  it  seems  questionable  whether  it 
will  then  fix  the  attention  of  observers  in  a  sufficient  degree  to  be 
made  serviceable  toward  the  solution  of  the  highly  interesting  ques- 
tions which  relate  to  their  origin,  their  constitution  ami  their  peri- 
odic motion,  /  therefore  appeal  to  all  the  observatories  of  the  world  — 
as  likewise  t<>  nil  meteorological  institutes  and  mariners,  asjting  that 
tin!/  take  notice  of  the  phenomenon  and  communicate  to  me  the  results 
of  observation.  Even  in  the  case  that  the  luminous  clouds  should 
not  be  seen  in  the  southern  latitudes  from  about  45°  to  60°  in  the 
months  of  December  and  January,  or  likewise  should  they  not  be 
seen  in  the  equatorial  regions  in  the  months,  March  to  May,  and 
September  to  November,  a  communication  on  the  subject  will  be 
highly  valuable. 

With  regard  to  the  record  of  the  observations,  it  is  desirable  to 
give  the  time  and  place  of  observation  ;  also  the  part  of  the  sky  in 
which  the  phenomenon  has  been  seen,  and  furthermore  its  approxi- 
mate extent.  The  time  should  be  noted  to  within  a  few  minutes, 
and  the  geographical  latitude  and  longitude  of  the  place  to  within  a 
few  minutes  of  arc.  Furthermore,  any  other  information  as  to  the 
color  and  the  form  of  the  clouds  is  desirable.  If,  in  addition  to 
these  observations,  some  determinations  of  the  altitude  above  the 
horizon  can  be  obtained  for  the  highest  point  of  these  phenomena, 
by  means  of  some  instrument  for  angular  measurement,  and  an  ac- 
curate record  of  time,  these  data  will  be  especially  welcome. 

From  observatories  possessing  the  proper  apparatus,  spectroscopic 
investigations  are  solicited. 

In  the  vicinity  of  Berlin  the  next  appearance  of  the  luminous 
night-clouds  will  be  especially  availed  of,  for  determinations  of 
their  altitude,  by  means  of  simultaneous  photographic  impressions 
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made  at  different  places.  It  is  intended  that  these  altitude-determi- 
nations shall  be  made  under  as  great  variety  of  atmospheric  con- 
ditions as  may  he,  in  order  to  determine  also  the  possible  influence 
of  the  great  atmospheric  vortices  upon  the  distance  of  the  phenom- 
ena from  the  surface  of  the  earth. 

Description  of  the  phenomenon.  The  luminous  night-clouds  are 
seen  only  within  that  portion  of  the  evening  or  morning  heavens 
which  is  illuminated  by  the  twilight  and  separated  from  the  night- 
sky  by  a  more  or  less  washy  semicircle,  the  twilight-arch.  When 
they  are  seen  Li  the  evening,  it  is  when  the  sun  is  about  10°  below 
the  horizon,  and  they  usually  remain  visible  as  long  as  the  twilight 
lasts.  In  the  morning  this  order  is  reversed.  In  their  form  and 
structure  the  luminous  night-clouds  much  resemble  ordinary  cirrus- 
clouds,  but  they  differ  from  these  in  some  essential  respects,  by 
which  they  can  generally  be  at  once  distinguished.  For  if  common 
cirrus-clouds  are  within  the  twilight  segmeut,  wheu  the  sun  is  10° 
or  more  below  the  horizon,  they  are  always  darker  than  the  twilight- 
sky  around  them;  while,  on  the  other  hand,  the  luminous  night- 
clouds  are  always  brighter  than  this  sky.     Moreover,  the  ordinary 


cirrus-clouds  do  not  usually  disappear,  when  the  twilight-arch 
passes  by  them  so  that  they  are  left  in  the  night-sky:  they  only 
change  their  aspect  in  such  wise  that,  whereas  they  were  previously 
darker  than  the  sky  around  them,  they  appear,  after  their  entrance 
into  the  night  sky.  brighter  than  this  is.  But  the  luminous  night- 
clouds  disappear  entirely  so  soon  as  the  twilight-arch  has  moved 
past  them,  and  only  such  portion  remains  visible  as  remains  within 
the  twilight-segment.  With  regard  to  the  color  of  the  luminous 
night-clouds,  it  should  be  mentioned  that  they  glow  with  a  white 
and  silvery  lustre,  which  changes  toward  a  golden  yellow  in  tin 
vicinity  of  the  horizon.  Audfurthermore.it  is  worthy  of  notice, 
that  the  phenomenon  is  not  manifested  on  every  otherwise  cloudless 
evening  or  morning  during  the  season  of  its  visibility,  but  occurs 
for  the  most  part  with  intervals  of  from  8  to  14  days,  and  then 
usually  remains  visible  for  several  successive  nights.  For  observ- 
ing it,  it  is  requisite  that  the  horizou  in  the  direction  of  the  twilight 
be  as  free  as  possible.  Electric  and  gas-light  generally  interfere 
with  its  perceptibility. 

O.  JESSE. 


Postscript.  The  luminous  night-clouds  have  lately  been  seen,  as 
I  had  anticipated,  at  the  southern  extremity  of  South  America.  .Mr. 
Stubenp.auch,  meteorological  observer  at  Punta  Arenas  has  just 
written  me  that  he  observed  the  phenomenon  twice  in  December, 
1888.     Furthermore,  according  to  the  same  communication,  it  has 


been  seen  for  several  years  by  a  naval  officer  at  Beagle  Channel 
somewhat  to  the  southward  of  Punta  Arenas.     The  description  of 
the  phenomenon,  as  given  by  Mr.  Sir bexrauch,  leaves  no  doubt 
whatever  that  it  is  identical  with  that  observed  in  Europe. 
Berlin  Observatory,  1889  March  28. 


XOTICE. 

This  number  completes  the  eighth  volume  of  the  Astronomical  Journal,  and  the  second  since  its  reestablishment  in 
November,  1886.  While  it  cannot  be  expected  that  a  periodical  of  this  character  cau,  for  some  years  to  come,  be  financially 
self-sustaining,  and  although  the  pecuniary  returns  do  not  indeed  yet  defray  one-half  of  the  actual  outlays,  still  the  perma- 
nent continuance  of  the  Journal  may  be  regarded  as  assured  beyoud  all  reasonable  question. 

The  cordial  support  of  almost  all  American  astronomers,  and  the  friendly  aid  of  a  large  number  in  other  countries, 
have  lightened  the  cares  and  diminished  the  responsibilities  of  the  Editor;  and  give  the  fullest  ground  for  confidence  that 
the  hopes  which  prompted  the  reestablishment  of  the  Astronomical  Journal  will  be  more  than  amply  fulfilled. 

The  disinterested  and  invaluable  assistance,  as  well  as  the  unfailing  encouragement  received  from  our  most  eminent 
fellow-workers,  calls  for  especial  gratitude  ;  and  it  would  be  unpardonable  to  omit  public  acknowledgement  of  the  essential 
service  rendered  by  Mr.  Chandler,  who,  dining  the  Editor's  absence  for  nearly  four  months  of  last  summer,  attended  to 
every  detail  of  editorship  and  publication. 

I  have  now  the  gratification  of  announcing  that  Mr.  S.  C.  Chandler  will  hereafter  lie  associated  with  me  in  the  man- 
agement :  ami  that  communications  for  the  Astronomical  Journal  may  in  future  be  addressed  to  either  him  or  the  present 
Editor.  G. 

Cambridge,  Mass.,  1880  May. 
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